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TO FHE 


INGENIOUS 


READER. 


HAT which deters many from 
attempting, and the moſt jrom pro- 
ecAingin theſe Studies, is, That + 
they are wrapt up in ſuch a abyrinth of 


| hard Words, and difficult Terms of Are, 


that a man may be ſaid firſt to learn a 
\ Language before he can come to the things 
; themſelves : And when he hath crac hed 
| the (hell, and comes tothe Kernel, the ſubs 
| lance ofthe matter doin lye in ſucha Chaos 
of Confuſron, 1 mean in ſich a ſcattered 
immethodical, and unintelligible wiy of 
handling the ſever at parts apart, that how 
theſe do tye in the whole Body, 01/* how 
one piece depends upon another”, for 4 
young beginner is extream difficult to un« 


deritand, if not paſt finding out s Indeed 
A--2 ſeveral. 


To the Ingenious Reader. 


ſeveral men have writ excellently well of 


ſeveral things, and ſome have writ of all 
the ſeveral parts of the Mathematicks, 
Topically , or independently under ſeveral 
diſtind Heads ; but 1 have not yet met 
with any perfect Analyſts of the whole, or 
fach a Co-herent continued Method in theſe 
Mathematical Arts as could be wiſhed 
In this ſmall piece (therefore) I have indea- 
wourcd to remedy theſe inconveniences,and 
ſupply what is defetive. Firſt, For the 
Terms of Art, and thoſe affeFed miſteri- 
ous waies of expreſſion, [ have either avoi- 
ded them totally, or explained them ſuffi- 
_ ciently, though whilſt I indeauour to ſpeak 
zrore plainly , perhaps by ſome I may be 
thouckt to ſpeak + Learnedly :, but if 
berchy I attain the end Iaimat , I maiter 
ot, which is tobe underſtood by any that 
| mnderſland Common Senſe, and "Plain 
| Cneliſh. 
In the ſecond place, Thave endeavoured 
to bring the Mathematichs into one entire 
Method, whereby you may ſee how neceſ- 
farily one part 3s Co-harent and depen- 
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To the Ingenious Reader. 


one thing to another, they may be greater 
Proficients in a few dayes, than otherwiſe 
in many eMoneths, nay perhaps then, in 
all their Lives, without ſuch a Method. 
Laſtly, In all this, I have uſed ſo much 
brevity, and withal, ſuch perſpicuity, that 
(according to my own weak Judgment 
and Onderſtanding) there is nothing in- 
| ferted that could be wanting, nor any thing 
| wanting that need be inſerted : In a word, 
| in thereading and ſtudying many Authors, 
: what I found excellent in any of them, ] 
 colleed, and in moſt abbreviated, indea- 
vouring in fewer words to make it more 
* plain and eaſie to underſtand : And af 
1 terwards Thave reduced this heap of con« 
* fuſed ColleFions or eMiſcellaneas into one 
| perfe@ and entire Method, in every thing 
indeavouring to make the Dody of the 
* Diſcourſe correſpondent to the Title-page : 
* Hoping that this will anſwer both my own 
* and the Ingenious Readers juſt expeF4a- 
» tion, and fhew both a nearer and clearer 
| way to the underitanding the Mathema- 
* ticks : That ſo all may be allured by the. 
Plainneſs and eaſineſs of theſe Arts, and - 
4 Perſons of ingenuity inamonred on. thens.. 


Az for 


To the Ingenious Reader: 


for their uſefulneſs and delight 5 and ha- 
ving ſo readily paſſed the *Porch , and 
got over the Threſhold, they may have both 
time and opportunity to build rare Super- 
| ſtructures upon theſe plain Foundations , 
and may improve theſe Arts even to mi- 
raculous Effeds for the finding out many 
rare Inventions jet unknown to theVWorld: 
whereas many ( otherwiſe excellent wits ) 
thorough their abſtruſeneſs have jpent their 
whole time before they could attain to the 
underſtanding theſe very Rudiments. And 


hereupon I thought this not an unneceſſary, 


or an unuſeful piece of work, and I doubt * 


not but it will be acceptable to ſome, tho 
many I know will be ready to cenſure both 


the Bookand the Author 5 As for my ſelf, : 


T have been ſo accuſtomed to be miſconſtru- 
ed in all my Aions,that the wonder would 


be, not to be ſo in this ;, and indeed I ds * 
ſo little value it, that I can ſmile in aj | 


guiſe, to ſee the moſt ſo much miſtaken, in- 


deavouring in the mean time (as near as T _ 
can) to approve my ſelf to Conſcience and | 


LY 
5 


Omniſcience. For the Bookno-doubt, but * 


Carping Momus way pick ſore Criticiſmes | 


out of it to ſnarl at 5 but 1hope of na great 
moment : 


# 


Þ. 
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To the Ingenious Reader. 
moment 5 indeed the beſt Adions of the 
beſt men are ſubjed to DetraGion,eſpecially 
their Writings, A detractione neminem 
eſſe immunem niſft qui nihil ſcripſerit , 


ſays a Reverend Father of our Church ;, 


Tho. Epiſc. Covent. And 7t is well oþ- 
ſerved by another, Facillimum quidem eſt, 
& fuit ſemper, alitenum opus reprehende- 
re ; ſed non perinde facile, aliquid fi- 
mile aut przſtantius conficere : Ard all 


that I ſhall add, is that of the "Poet, 
Carpere vel nolinoſtra, vel ede tua. 


Or as it may be Engliſhed, 
Either Commend me,or come and mend me, 


$i quid noviſti rectius iſtis, 
Candidus impert!i, {1 non, His utere 
mecum. ; 


Vale, Vive bene beateq; 


THE 


-—_—— 


_ a __ - ———————_. tn. A 
_ = — CC _—_—_ — —  —————————— 
— - _ _— [1 
- » 
—  ——— —_— —_ _— _— — 
_ _ ” bs —_ 
_—_ _— — —— a 
was. 
——_ " % 
— hs 
* RY 
"I" hy 
_ . 
. 
— 
=. 
- 
- 
_ 
- 
- 
- 
wn 
= 
" ng 
= 
=», . 
_ 
Rl 
= 
_- 
= 1 
- 
1 
os 
_- 
_ 
= ws 
_- 
* 
mY 
*—* 
a 
q _- 
- 
- 
= Y 
- 
D 
hat 
ws 
hs 
I—_ 
mn * 
% a 
ww 
_ 
OY 
a. 
4 =. 
Da. 
- 
. 
a 
wa 
- 
a - 
- 
Sa. 
= a 
2 
- 
- 
0 
oo - 
- — _ - — Ge 
— > 
—_——__CQ = -_ — 
" —— þ 


MV PP, O Faxaly” Cl 
FU) O GUILD, | 


of 22092 $24 


84 4 
d 
EH 
Eo 
s 
« 


Ul 


bs 
4 , 
4 
SE 
i 
(} 
{ 


[ 
( 


———— > a RV - OG, 


+4 an © WRM__ —_—_— 


THE 
PRAFACE:. 
OR 


INTRODUCTION: 


PBTHELIBERAL ARTS or 
SCIENCES are reckoned 
Seven, Grammar, Rhetorick and 


e 


Geometry, and Aſtronomy. Theſe 
may not unftly bedivided into Two parts : 
Firſt , The Scholaſtical , or Speaking 
Part, Grammar, Rhetorick, and Lopick. 
Secondly, The Mathematical, or Meaſi- 
ring Part, which comprehends Arithmerick, 
Geometry, and Aſtronomy. | 
Muſick which is uſually placed in the mid 
dle, partakes of a middle or mixt Nature 


Logick , Muſick , Arithmetich , - | 


betwixt theſe Two Generals. For quoad | 


ſonum it may belong to the former, to wit, 
the Speaking Part, being an inarticulate 
kind of Speaking : But quoad proportionem tO 
2 je) B the 3 
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'e Introdudgiton, 
the latter, to wit, the Meaſuring Part, con- 
fiſting chiefly in due Mecatures and Quan- 
titles. 

It is not my purpoſe at preſent to 


| ſpeak any thing of thoſe which 1 call 


the Speaking Sciences, only to ſhew how 
proper this Diviſion is by their Definiti- 
ons you may take them thus; Grammatica 
eſt Ars refte Loquendi , Rhetorica bene Lo- 
quendi, Logica bene Diſſerends. 


The Poet diſtinguiſhes and commends 
them thus ; 


3, Grata quidem Ratio eft concord; voce 


relata. 

R. Gratior eft Ratio, weniens ratione ve- 
nuſt a. 

L. Grata ter eſt Ratio veniens ratione pro- 
bata. 


Of Grammers there ts as great Variety 
as of Languages. Latine is a general Lan- 
guage inthele Weſtern parts of the World, 
and the gronnd of moſt other Languages 
in theſe parts: ſo is Greek in the Eaſtern : 
Hebrew the Language we ſhall ſpeak in Hea- 
ven {ay ſome, and the Original Language 
of all others ſay moſt ; And Hieb Dmtch, 


as Ancient as the Building of Babel, ſay 
many. 


But 
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But of all other Grammars and [angua- 
ges moſt ſutable to this preſent Subject, is 
that moſt incomparably ingerious Inventt- 
on of Biſhop Wiikins (that Famous Mathe- 
matician) which he calls his Philoſophical 
Language, with a way of writing the ſame, 
called his VUnwerſal Charafter, which if it 
would be as Univerſally, and as induſtri- 
ouſly practiſed, as it is moſt excellently, 
and ingeniouſly contrived © By this means 
all perſons (at leaſt all of any competent 
capacity ) of what Nation or Lenguage 
ſoever might converſe and correſpond with 
one another as familiarly, as Adam and Eve 
in Paradiſe, or thoſe Eight 1n the Ark, 
when the whole World ſpoke bnt one and 
the ſelf-ſame Languape. But enough of 
Theſe as to my Purpoſe(to wit) of Grammar, 
Rhetorick, and Logick. 

And for Muſick, which I call the Meane 
in this Diviſion, I mean not to run any 
large Diviſions upon it ; that Art being 
rather learn'd by Praftice than by Precept ; 
and my Amn being rather to propound De- 
monſtration to the Eye, than Muſick to the 
Ear. Indeed the Muſick of the Sphears 
might have been no improper Theam, but 
that being grounded upon the old erroni- 
ous Opinion of their ſo/i4 Orbs, are both 
diſclaimed long ſince by later Writers. In- 
deed, I read, that P-:lo the Few faies, that 
hereby Moſes was inabled to tarry in the 
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Mount 40 days, and 40 Nights, without 
eating or drinking any thing, becauſe he 
heard the melody of the Heavens : -and 
Plutarch ſpeaks as if a man might hear thts 
Muſick it he were an Inhabitant in the 
Moon : But theſe conceits being by the 
Learned long ſince exploded, [ ſhall no fur-, 
ther touch upon this ſtring, viz. Muſick, 
with the other Speaking Arts hefore-men- 
tioned : But paſſing by all theſe, That 
which 1 call the Mathematical, or Meaſuring 
Pait of the Liberal Sciences is the ſubject I 
intend to treat upon ; and (asI apprehend 
it ) may fitly be comprehendced in theſe 
Three, Arithmetick, Geometry, and Aſtrono- 
ay: Aſtronomy may be ſaid to meaſure the 
Heavens, Geometry the Earth, and both by | 
means and help of Arirhmerick. This laſt, 
conliſting chiefly in 7 hs Rule of Three, the 

two formerin the Reſolution ofa Triangle. 
And when 1 ſay Geometry meaſures the Earth, 
Itis to be underſtood the whole Globe of 
the Earth, containing Seaand Land, with 
all other Bodies therein contained, w he- 
ther Superfic:es or Solzds: What concerns 
the Land, may in one word be called Sr- 
veying © What concerns the Sea, 1s proper- 
ly called Navigation: And not only both 
theſe, but alſo roomy with theſe may be 
called the Taking of Heights and Diſtan- 
ces: Surveying being Taking Heights and 
Diſtances at Land, Navigation at Sea, 
Altro- 
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Aſtronomy in the Heavens, and of Aſtro- 
nomy, the moſt Mathematical and PreCti- 
cal part is Dialling, or finding the hour of 
the day by the Sun, and the hour of the 
night by the Moon and Stars. _ 

Therefore to ſ.mm up all in ſhort, the 
Mathematical part of the Liberal Sciences 
are three, viz. Arithmerick, Geometry, and 
Aſtronomy. The PraCtical part of theſe arc 
_ principally three , Surveying , Navigation, 
Dialling. Theſe three are performed by 
Trigonometrie, or the Reſolution of a 
Triangle , which derives its name from 
Three, and conſiſts of Three Angles, and 
Three Sides, and theſe found by the Rule 
of Three, makes gocd that old Motto, Tria 
ſunt Omnia. 

You ſee then, That the grand Deſign of 
the Mathematicks is to take Heights and 
Diſtances at Sea, at Land, and in the Hea- 
vens , and to mca ure 1iot only the Heavens 
and the Earth, but all other Bodies therein 
contained, whether Superficies or Solids. 
At Land, to find Heights by Diſtances, and 
Diſtances by Heights, where either is ac- 
ceſſible ; and both theſe by Angles of Po- 
ſition and Interſefion of Lines, where both 
or either of them are inacceſſible. At Sea 
for Diſtancez, to find the Diſtance of a 
Ship North and South, which is calted La- 
titude, or its Diſtance Eaſt and Weſt , 
which is called Lpngit:de, or the Diſtance 
iy» "from 
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from any of theſe Cardinal points, which 
13 Called the Rhumb ; Laſtly, the Diſtance 
Run upon the ſaid Rhumb, or upon ſuch a 
point of the Compatls : I amnot ignorant 
in ſtrift propriety of Terms, a Rhumb 
differs from a point of the Compaſs. A 
Rhumb containing two points, viz. the 
point and its oppoſite point : the former 
b-ing the whole Diameter, the latter only 
tle Semidiameter of the Compaſs from the 
Center, ſo that there are (to ſpeak accor- 
ding ro that nicetie ) only 16 Rhumbs, 
and 32 points of the Compaſs; but for 
more piainneſs and eaſe to the Learner, 
I wake them here ſignifie the ſame thing, 
being the ſame in ſubſtance. And by an 
Account kept of theſe to know the Diſtance 
of one Ship from another, or of the ſame 
Ship from the place from whence 1t ſet 
Sail, or from the place to which it 1s bound ; 
and conſequently how to direCt her courſe 
accordingly. In the Heavens, to find the 
Diſtances of the Sun, Moon, and Stars from 
- one another, of one Star from another ; 
particularly concerning the Sun, his Dt- 
ſtance from the EquinoCtial, which is called 
his Declination: His Diſtance from any of 
the 12 Signs which is called his place in the 
Zodiack : His Diltance of Riſing and Set- 
ting iro the due point of Eaſt or Weſt, 
which is called his Amplitude : His Diſtance 
at any time from any point of the Hori- 
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70n, Which is called his Azimuth ; toge- 
ther with the Diſtances of all thoſe Ccole- 
{tial Bodies, to wit the Planets, the Sun, 
Moon, and fixed Stars trom this Terreitri- 
al Globe - All theſe may be called Diſtan- 
ces inAſtronomy: Ard for Heights, both 
in Aſtronomy and Navigation, they are 
the ſame ; as taking the Height or Altitnde 
of the Sun and Stars at any time above 
the Horizon which 1s called their Almicin- 
raras, particularly the Meridian Altitude, 
either of the Sun or Stars: Ard thereby to. 
fnd the Height or Elevation of the Pole : 
So that by all this you ſee, that the taking 
of Heights and Diſtances at Sea, at Land, 
and in the Heavens is the moſt princijal , 
and the moſt praftical part cf the Mathe- 
maticks : And theſe are all perform*d by 
Trigonometry, or by the making and mea- 
luring, the framing and. reſolving of a 
Triangle, cither Plain or Sphzrical : Sup- 
poſing theſe Heights and Diſtances to be the 
ſeveral parts, that is, either the ſides or 
Angles of a Triangle. And to find by ſome 
of theſe Parts known, other Parts unknown 
or per Data, Queſita. 

This Reſolvirg of a Triangle, or Trigo- 
nometry, reſolves all Mathematical Que- 
ſtions, and may be performed by lnitru- 
ments and Protraction Geometr ically : But 
principally by the Rule of Proportion A- 
rithmetically 3 worthily carrying the name: 

B 4 of 
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of the Golden Rule, for the admirable Eft- 
tes it produceth , eſpecially ' in theſe 
Mathematical Operations. And for the 
fuller and more ample Explanation of 
theſe particulars, I ſhall procecd to Dil- 
courſe of them in this Method in 3 Books. 

I. ln the Firſt I ſhall Treat of Arithme- 
tick, under the ſeveral kinds of it, viz. 
Common, Decimal, Logarithmetical, and Inſtru- 
mental. Ardin the ſequel of the Diſcourſe, 
25 Occaſion ſhall be, I ſhall ſhew how theſe 
nay be applyed to the Reſolution of a 
Triangle, or any other Mathematical 
Queſtion. 

[{. In the Second Book | ſhall Treat of 
' Geometry, or any other Mathematical 
Queſtion. Firſt in general, and of the 
Three Famous Grametrical Figures, the 
Circle, Square, and Triangle ;, eſpecially the 
laſt of theſe. And then Secondly, [n par- 
ticular I ſhall ſpeak of Geometry, as it con- 
liſts in Surveying and Navigation ; and 
ſhew that theſe are no more than the Reſo- 
lution of a plain Triangle. 

Il. In the third and laſt Book I ſhall 
Treat of Aſtronomy, and therein of Proje- 
tion of the Sphzre, Queſtions of the 
Sphzre and Dialling, and ſhew tharx as Sur- 
veying and Navigation are performed b 
the Reſolution of a Plain Triangle, fo theſe 
by the reſolution of a Sphzrical Triangle. 
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CHAP. I 


Which as before I do divide into 4 Parts, 
1. Common, 2. Decimal, 3: Loga- 
rithmetica], 4. Inſtrumental, or Lt- 


neal. Of theſe in their order. 


 OMMON ARITHMETICK to 
thoſe that are expert init, eſpe- 
cially in working by Fractions, 
is of ſingular uſe, and abſolutely 
neceſſary ; and for the moſt part 
of ſufficiency enough for Mathgnatical 
Operations; and withal it is to be ſuppoſed, 
'T hat no man that attempts the Mathema- 
ticks, but in ſome meaſure underſtands thoſe 
Common Things of Numeration, Adaitions, 
Bs Sub 
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Snbſtraltion, Multiplication , and Diviſon , 
therefore] ſhall be very brief in them ; and 
only tell you 


Ss E C3. 1: 


Numeration is the Reading of Figures 
according to the value they receive from 
the place they ſtand in : The Firſt place 
ſignifying Units : the Second, Tens: the 
Third, Hundreds : And the Fourth, Thou- 
ſands, according to the enſuing Table. 


Numeration 
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Numeration TABLE. 
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Units, 

Tenns, 

Hundreds. 
Thouſands. 

X. Thouſands, 

C. Thouſands. 
Millions. 

' X. Millions. 

CG. Millions. 
Thouſand Millions. 
X. Thouſf, Millions. 
C, Thouſ, Millions. 
Diilions. 

X, Dillions. 

C. Dillions. 
Thouſand Dillions. 
X. Thouf. Dillions. 
C. Thouſ. Dillions. 
Trollions. 

| X. Trollions. 

" C. Trollions. 
Thouſand Trollions 
X Thonfſ. Trallions. 


| C. Thou. Trollions 


Mo —— 


| 


—_— 


| 

I 2 

123 

1234 
12345 
123456 
1234557 
12345678 | 
123455789 | 
1234567891 

1 2345678912 | 
123456789123 | 
1234557891234 
12345578912345 
123456789123456 b 
1234557891234567 
12345578912345678 
123456789123456789 | 
123456789123456789g1 | 
123455739 12345579912 
123455789123456789123 {| 
12345567891234557831234 | 1 
12345578912345578912345 | 


12345<67?91234567891234 541 


One Hundred Twenty Three Thouſand 
Four Hundred Fifty Six TFrollions Seven; | 
Hundred Eighty Nine Thouſand One Hun- 
dred Twenty Three Dillions Four Hundred 
Fifty Six Thouſand, Seven Hundred Eighty: 
Nine Millions One Hundred Twenty Three: 
Thauſand Four Hundred Fifty Six, 
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Il. Addition is the adding of two' or 
more Sums together, to find the Total. 


In like Denominations. In divers Denom. 


? { D. M. SEC. 
iu 6789432 (Degrees D.} 136 11 9 
'F 1903467 <Minutes j p 320 10 45 
K 8$354:079 (Seconds 1) 429 54 26 


—  _-- G—_— -—— 
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EF 17234978 Summa Total. 886 16 20 
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/ 1 THI. Subtraftion is the SubſtraCting or De- 
difting of one Sum from another, to find 
the Remainder. 


Dr i 
| As from 2345 36 49 
\ | Take 873 18 13 
Remainder is 1472 18 36 
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SECT 


IV. Multiplication is a Compendious Ad- 
aition. 


The T ABLE. 
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In Multiplication the Sum to be Multi- 
plyed 1s called the Multiplicand, the Sum 
by which the other is Multiplyed, is called 
the Multiplyer, and the Number produced 
by theſe is called the ProduRt. 


Multipli- 
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Multiplicand 463298765 
Multiplyer 23 
1389896295 
926597530 


—  —— 4 


Product 10655871593 


To Multiply compendiouſly by any of the Nine 
Dig us, without charging the Memory, 


To Multiply any Number by 2, 
Either double it, or ſet it down twice, 
and add the two ſums together. 


To Multiply by 3. 
To the Number given, add the double 
"v——wi the ſum of them fhall be the Pro- 
U » # 


To Multiply by 4. 
Double the Duplication of the Sum given. 


To Multiply by 5 
' To the Number given 200 a Cypher , 
and the half of that Number is the Produ®t., 


To Multiply by 6, 

To the Number given add a Cypher, 
thea taks the half of that Number, and to 
It 
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it add the Number given, the Sum of them 


ſhall be the Product. 


To Multiply by 7, 

To the Number given add a Cypher, 
and take the half thereof, to which half 
add the double of the Number given, the 
Sum ſhall be the Produ&t. 


To Multiply by 8, 

To the given Number add a Cypher, and 
from thence ſubſtraft the double of the 
Number given, the Remainder will be the 
Product. 


To Multiply by 9, 
Add a Cypher to the given Number, and 
from thence ſubſtrat the given Number, 


the Remainder ſhall be the Product. 


To Multiply by 10 add a Cypher, to 
multiply by 100 add two Cyphers, by 1000 
add three Cyphers, and it is done. 


If Cyphers be in the middle of the Mul- 
tiplyer among other Figures, remove the 
next Figure a place farther where any Cy- 
pher comes, and add the Lines together in 
the ſame order they ſtand, 


SECT, 


16 Of drithmctick, BOOK I. 


SECT. $4 


Diviſien 1s a compendious SubſtraCttion, 
wherein the Sum to be divided 1s called 
the Dividend ; the Sum by which we divide 
the ſame, is called the Diviſor ; what is pro- 
duced thereby, is called the Quorrent and 
the Frattion, Example. 


Zx(1 
rzgr(s 
Dividend 4679r33[ 203440;- parts. 
Diviſor 2333333 Qmot. Fratlion. f 
22222 5 


In dividing any great Sum, to know Certainly 
what Figrre to put in the Quotient, and 
to Divide the Sum by Snbſtratlion + 
inſtead of Multiplication. 


Firſt, Set down your Diviſor, and againſt 
it the Digit 1, In the next place double 
it, and againſt that ſet the Number 2. 
Add the former two Sums together,: and 
againſt that: ſet the Figure 3, to that Num- 
ber add the Diviſor, and againſt that ſet 
the Figure 4, &c. ſo you will have a Ta- 
ble of the 9 Digits, and may ſee againſt + 
every Figure how much the Multiplication ! 
of your Diviſor by any Digit will amount {| 
unto z ſo that when you ſee your Remainder 

in 
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17 | 
in your Diviſion, look in the Table for the | 
neareſt Number leſs than your Remainder, 
and that Digit which ſtands againſt that 
Number, you muſt alwaies put in your 
Quotient. 


To Divide by any Number that hath Cyphers 
ro the Right Hand. 


To Divide by 10, cut off the laſt Figure * 
towards the Right Hand, and the reſt of 
the Figures are the Quotient. T'o Divide by 
100 cut off two of the laſt Figures, by 10co 
three, &c. To Divide by 20; cut off the 
laſt Figure, and take the half of the Re- 
mainder. | 


As for Example. 

To know how many Pounds there 1s in 
243[.6 Shillings is the fameas to Divide by 
20. Therefore cut off the laſt Figure 6, and 
take half the reſt, that is, half 243, is 121 
Pounds, and there remains 1, and the 6 cut 
off for the Fraction , which is **, or 16 
ſhillings, and fo in any other Sum. The 
ſame Reaſon holds.if you be to divide by 
30, cut off the laſt Figure, and take the 
third part; and if by 4o the Fourth, 50 
the Fifth part, and fo forwards. The re- 
maining Fraction being alwaies the parts 
of its reſpeCtive Integer. 


T hefe 
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Theſe Four, viz. Addition, Subtrattion, 
Multiplication, and Diviſion (not to mention * 
Numeration, which is only the Reading of | 
Figures) do contain the whole Practice of 
Arithmetick, being judiciouſly applyed and 
made uſe of according to the Nature of each | 
ſeveral Queſtion, and by the Invention of |, 
Logarithmes thefe Four are reduced to | 
theſe Two only. viz. Addition and Subſt a- 
ttion, as you will hear hereafter. 

But belides theſe Efſential parts of Arith. 
metick , there are divers other neceſlary -. 
Rules for direfting the way or manner ot 
Operation by theſe. 


SECT. 6. 


Therefore in the ſixth place is that in- 
comparable Rule of Three, worthily carry- 
ing the Name of the Golden Rule, eſpecially, 
and above the reſt to be taken notice of; 
which yer in the Operative and Practick 
part of it, is no more but the right Applt- 
cation of Multiplication and Diviſion, that 
Is, by Three Numbers given, to find a 


Fourth , according to -theſe Two Dire- 
Etions. 


Firſt, If the Third Number be greater 
than the Firſt, and the Fourth required to 
be greater than the Second, then Multiply 
the Second by the Third, and Divide the 
Pro- 
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Product by the Firſt, the Quotient giyes 
the Fourth Number. 


! . As if 12 yas. of Cloth coſt 3 /. what coſt 


435 yas. 
3- x2(9 
x32 5[108;7, or } L. 
1305 12ZZ 
xY 


Secondly, If the Third Number be grea- 
ter than the Firſt, and the Fourth required 
to be leſs than the Second, then Multiply 
the Second by the Firſt, and Divide by 
the Third. As, 


If 12 men raiſe a Fort in 8 days, 1n how ma- 
ny days ſhall 24 men do it. 


8 19 
12 961.4 dayes 
u—_— 2 x 
96 


I. The Dire Rule is, when more re- 
quires more, and leſs leſs. 

[l. The BackRuleis, when more requires 
leſs, or leſs more. 

For the placing the Numbers right, ob- 
ſerve this Rule in the Direct Rule of Three. 

Three Numbers being given, the Que- 


ſtion is annexed but to One, and this muſt 
alwales 
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alwaies be the Third Number, and that 
which agrees with this Third in the ſame 
Denomination muſt be the Firſt, and that 
which remains the Second. As if the Que- 
ſtion were put, If 10 yards coſt 8/. how 
many yards may we buy for 121. place them 
thus ; If 8 buy 19, what will 12 buy. 


S'E CH. 


"The next Rule which I ſhall here men- 
tion, is the Rule of Fellowſhip, which 1s, when 
ſeveral Merchants or other Men put in ſe- 
yeral Snms together into Stock, and I ra- 
ding therewith, they either gain or loſe 
ſo much in the whole; Now the Queſtion 
will then be, what every particular Adven- 
turer ſhould have of the Profit, or bear of 
the Loſs according to each mans due pro- 
portion. To do this, ſay, If the whole 
Stock produce ſo much as is the whole Pro- 
fit or Loſs, then what gives the Firſt mans, 
Second and Third mans part of Stock ſe- 
verally making each mans particular Stock 
the Third Number to theſe other Two 
Numbers, (viz. the whole Stock, and the 
whole Profit or Lof6) ard the Fourth will 
be each particular mans Profit and Loſs. 


As if Three Merchants put into Stock 
1684 pounds, The Firſt puts in 7501, the 
Second 620/, and the Third 3141, They 
Trade 
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Trade together till they gain 5001. The 
Queſtion is what every one ought to have 
2 for his ſhare. 


1 For the Firſt ſay, 
1 If 1684 /. give 5001. what gives 750 /. 


For the Second ſay, 
If 1684 /, give 5001. what gives 6201, 


F For the Third ſay, 
* If 1684. give 5007. what gives 314 /. 


S'ECT.-'v 


' To find a mean proportional, Multiply 
| one Extream Number by the other, and 
the Square Root of the Product is the mean 

| proportional : As 72 multiplyed by 32, the 
Product is 2304, the Square Root whereof 

=, 15 48: For proof 4S multiplyed by 48, 
produces the ſame Number 2304, and this 

15 the a;ean proportional betwixt 72 and 32. 


S ECT. 9. 


To conclude this particular, The Extra- 
Cting the Square and Cube Root is the hard- 
elt Lellon in Common Arithmetick : Thoſe 
which have a mind to do them this way, 1 
ſhall refer them to the Sea-mans Kalender , 

; inthe latter end of which Book it is plainly 


* ie t 
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| / ſet down: Butthis way being very difficult 
I and tedious, | ſhall ſhew you very ſhort and 
eaſie wayes hereafter to do it by Loga- 
rithmes.,Gunters Settor, VV ingates Rule of Pro- 
portion, or any ordinary Line of Numbers, 
whereuntol refer the Reader at this time , 
and ſhall proceed to the Rule of Falſehood. 


S ECT, 19, 


The Rule of Falſehood is fo called, becauſe 
it teacheth by feigned Numbers taken at 
all adventures) to find out the true Num- 
ber that 1s demanded; And that 1. Either 
by one Falſe Poſition : Or, 2. When it re- 
quires twofalſe Poſitions. 

The Rule of one falſe Poſttion is this, In 
ſtead of 3 Numbers given in the Kule of 
Three, by thoſe to find a fourth; In this 
Rule we have but one Number that cometh 
invſeto work by : Ufſto the likeneſs where- 
of we muſt feign or deviſe two other Num- 
bers, which ſhall hold the fame proportion 
to one another which the third number gi- 
ven ſhall have to the number ſought. As 
for Example. I delivered at Intereſt a cer- 
tain Sum of Money at-6 per Cent. and at the 
end of royears Ireceived 500 /!. for Princi- 
pal andIntereſt, 1 demand how much was 
the Principal Sum ? 

To anſwer this, let us feign a Number at 
pleaſure, and with the ſame, let us make 


«er 
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our Diſcourſe evenas ifit were the principal 

7 Sum we ſeck for : As Suppoſe [ delivered 
" him at the firſt 20041, which in 10 years at, 
| 6 per Cent, Simple Inereſt will amount to 
| 1201, which added to the principal 200 /, 
' makes together 3201, but this ſhould be 
| 5001]: Therefore ſay by the Rule of Three, 
If 320 1. come of 2001, what doth 500 /. 
come off? Multiply the two laſt Numbers 
200 and 5oo!. by one another, they amount 
# to 10000 1, which divide by the firſt Num- 
: ber 320, and the Quotient is 3124, which 
: is the Sum ſought for, or the Principal 
- Sum delivered at Intereſt at the firſt. You 
will find the ſame number, If you ſuppoſe 
1601. tocomeof 1001. then 50ol. will in 
like manner come of 312; as before : Or 
ariy other ſuppoſed Numbers which hold 
the ſame proportion to oneanother, which 
500 {. holds to the Number ſought. 

2. The Rule of Two Falſe Poſitions I 
| ſhall endeavour to make plain on this man- 
ner, ſuppoſe an 100 Ducates is to be divi- 
ded amongſt 3 Perſons, the firſt to have a 
certain number of them, the ſecond muſt - 
have twice ſo many as the firſt, abating $ 
Dacates, and the third muſt have 3 times 
lo many as the firſt, leſs by 15 Dy- 
cates. Now I demand how many cyery one 
| ſhould have. 

Firſt, You may imagine any number at 
i pleaſure which you ſhall call the firſt Poſi- 
s tion, 


A J\. "4 
. Z 4 


-: with 
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tion, and with the ſame you ſhall work in- 
ſtead of the true Number ; and if you ſee 
you have miſſed of the true Number that 
you ſeek, then is the laſt number of the 
work either too'great, or too little ; which 
number you ſhall note with the ſign of 


more or leſs, and that you call the firſt Er- | 


ror ; now the ſign of more ſhall be noted 
with this Figure +, the ſign of leſs with 
this plain Line =. For Example, Suppoſe 
the firſt man in the Queſtion had 30 Du- 
cats, then by the order of the Queſtion, 


the ſecond ſhould have 52, the third 75 ; | 


theſe three added, make 157, and I ſhould 


have but 100 ; ſo that this firſt Error is too : 


much by 57, and therefore I ſet down the 


firſt Poſition 30 with his Error 57 thus, F 


30-57. 


The next thing to be done is to ſuppoſe 


another Number, which you muſt call your 


Second Poſition, and note its exceſs or ® 
want of the true number, and that you call F 
the ſecond Error, As for Example, Suppoſe ®& 
you take 24 for the firſt Man 1n the Que- © 
ſtion, then by the order of the Queſtion, 


the ſecond was to have 40, and the third 
57: theſe three added make 121, andl muſt 


but have 100, ſo the ſecond Error is too © 


much by 21, and therefore | note it down 
under the former thus, FOEP 2 Then 


ww ; EEES: 3 txt 2hanh 
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you muſt Multiply the firſt Poſition 30 by 
| the ſecond Error 21 Crolswiſe ; and again 
» theſecond Poſition 24 by the firſt Error 57, 
* (and this muſt alwaies be obſerved) and 
note down the two Products, vsz. 630, aud 
1368; then obferve this Rule, 


Beth ſigns alike Subſtraftion do require, 
But unlike ſigns Addition will deſtre. 


| And accordingly, If both ſigns be alike, 


that is, both too much, or both too little, 

| you muſt ſubſtraCt the leſſer ProduCt from 
* + the greater ; as inthis Example, 630from 
* : 1368, and note the Remainder, which is 
\ , 738, and this muſt be your Dividend. 
” } Again, you muſt ſubſtra& the leſſer Error 
* - from the greater, viz. 21 from 57 Reſts 35, 
- this muſt be your Diviſor. Therefore Di- 
' vide 738 by 36, the Quotient ſhall be the 
'true Nnmber ſought, or the Number of Du- 
cats which the firſt man was to have, viz. 
* 20;, and conſequently the ſecond man had 
$3, and the third 46:, making inthe whole 


: 2 


But note, that if the ſigns of the two 

Errors had been unlike, that is, if one of 
- the Errors had been too much, and the 
2 other Error too little, then inſtead of ſub- 
: ſtraQting the one Produtt from the other, 
4 you muſt have added the one to the other ; 
4 and likewiſe you muſt have added both the 
—--- C Errors 
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Errors together, and by the Sum of thoſe 
Errors you muſt have divided the Total 
S:1jm of both the Products, and the Quoti- 
entſhould then have been the true Number 
ſought. As for Example. 

If the two Poſitions were 24 and 20, 
you will find the firſt Error will be 21 too 
much, and the ſerond will be 3 too little. 
Therefore multiply 24 by 3, produceth 72. 
Likewiſe, multiply 20 by 2 1 produceth 4.20, 
and hecauſe the ſtgns of the Errors are un- 
like, add them 492, which ſhall be your 
Dividend; andagain add the leſter Error 
3 with the greater21, makes 24 for your 
Divifor ; and laſtly, Divide 492 by 24, 
the Quotient is 20; as before, for the firſt 
mans ſhare ; and conſequently the ſecond 
muſt have 33 and the third 46, making 
vp together 100, as in the former Example : 
And this 1 hope is ſuffictent for the under- 
ſtanding of this excellent Rule of Falſehood, 
or of Fa'ſe Poſitions, in the ſeveral kinds of 
it; though might have added variety of 
other Exampies: But to avoid prolixitie, 
and for brevities ſake theſe may ſuffice. 
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CHAT. 1h 
Of Decimal Arithinetick. 


N the Second place moſt Mathematicians 

do uſe and extol Decimal Arithmetick) and 
do accommodate al] their Scales, Rules, 
and Lines to this kind of Diviſion, and not 
- without canſe, whereby they have this ad- 
vantage, that the Fractions which in Com- 
mon Arithmetick are. of divers Denomina- 
tions, in this are all Decimal Fractions ; 
that is, 4', + +. Parts of any thing, 
' and by adding Cyphers, they may bring 
them to ſmaller Fractions, and this makes 
| the working by Fraftions far more ealie 
and exact. nf PR 


To Reduce ordinary Fratliins into Decimal. 


Multiply the Nuwerator (or the Number 
above the line) by 100, or 1000, and Di- 
vide the ProduCt by the Denominator (or 
- that Number which is under the [Line) and 
: the Quotient ſhews the Numerator of the 
+ Decimal Fraftion ; As ! multiply 3 by 100 
(by adding 2 Cyphers) makes 3oo, Divide 
a C 2 that 


y 
T 
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that ! in Common Fradtions is 7,'. in De- 
cimal. 


l— 


<_— 
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CHAP. IIL 


Of Logarthmetical Arithmerick. 


]* the third place the Invention of Log«- 
rithmes by my Lord Naprer is an excel- 
lent Invention; fer what is done by Com- 
mon or Decimal Arithmetick by Multipli- 
cation and Diviſion, are done by theſe ar- 
tificial Numbers, by -ddition and Subſtra- 
ton only: The Square Root is extracted 
by Bipartition, and the Cube Root by Tri- 
partition ; to explain theſe more particu- 
larly in all the geceffary parts of Arithme- , 
cick, as firſt Numeration in Logarithmes, 
or how to read them. 


$ECHF-h 


In the Table of Logarithmes you will 
hnd againſt every Natural number (from 1 
to 1000)) its artificial Number or Loga- 
rithme ; ſoif you ſeek the Logarithme of 
(©, 15 1.698970, and if you would find the 
12tural number to thisLogarithme 1.62 249, 
oyer 2gainſFit you find 42, and fo the like + 
eas y of # 


3 
» x 
+ 
* 
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of all others. And what is faid of Loga- 
rithmes, as to numbers, the like 1s to be 
underſtood all along of Natural Sines and 


Tangents,and their Artificial Logarithmes, 


as you may perceive by the Tables. 


By the Table of Logarithmes, to find the Lo- 
garithme of a Number conſiſting of 4 p'a- 
ces, as ſuppoſe 5628, the ordinary Num- 
bers reaching only to 1000. 


Firſt, Take the three firſt Figures, viz. 
562, and find that in the firſt Colum un- 
der the letter 1, then for the laſt Figure, 
which is 8, Find amongſt the great Figures 
in the head of the Table, and in the com- 
mon Area or meeting of theſe two lines you. 
will find .7503 54, before which 1 place 3 
for the proper CharaCteriſtick makes ' 
3.759354 the Logaritfne of 5628, which 
was required. 

Now beſides the Logarithme it lf, there 
1s alſo to be placed before it his proper 
Characteriſtick, viz. a Figure conſiſting of 
an Unite leſs than the number of digits or 
places 1n the ſaid n' mber,whoſe Logarithme 


. I5 to be expreſled: As the Charatteriſtick 
. of any number conliſting of one Figure is 0, 


$2 


5 F Ms 


of two Figures 1, Of three Figures 2, Cc. as 
the Logarithme of 415 is ,618048, and be- 
cauſe it conſiſts of three Figures, its Cha- 


GC 3 racteriſtick 


9 feet 2 BU 
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raCteriftick1is 2, placed thus with a Comma 
2,018045. 

To find the Logarithmeof a proper Fra- 


_Ction, as of *. Firſt I find the Logarithme 


of its Denominator 3 to be 0,477121, then 
{ find the Logarithme of its Numerator 2 
tobe 0,301030; And ſibſtraQing the lat- 
ter from the former, there remains the 
Logarithme of ', which is 0,17609 1. 


I CT 4-2. 


To Multiply by Logarithmes 1s to add 
one Lo-arithme to another, and that.does 
the ſame as to multiply the natural Num- 
bers : As to Multiply 


24 by Log. 1.380211 
32 Is J]og. 1.505150 


768 
Over againſt which Logarithme you will 
find in the Table the natural number 768 


TEETH 


To Divide, is to Subſtratt one Lopa- 
rithme from another, 2nd that does the 
{ame 


wk 
7 
285 
KC 
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ſame as to divide one natural number by 
another. 


As todivide 36 whoſe Log. 1.556302 
by 12 whole Log. 1.079191 


s was 


— - 


IS. 3 Reſts 0.477121 
Which Logarithme you will find to anſwer 
to the natural Numher 3, the Quotieut as 
before. 


TEC £>. 4 


To Perform the Rule of Tbree by Loga- 
rithmes. As in Common Arithmerickh we maol- 
tiply ttfe Second Number by the Third, and 

divide by the firſt. (iwhichis the Direct Ru/e 

of Three) \o you muſt acd the Logarithmes 
of the ſaid Sccond Number and Third toge- 
ther, and from the Total ſubſtrz& the Lo- 
garithmeot the firſt number, and the re- 
mainer is the fourth number ſought. As 
for Example. 


aq, LESS... A<5- > 
5. "I" ag 4 dg epi TI. 
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If 12 give 4, what gives 60. 


65 
(0 Log. of 4 1s 0.602060 
2.4 of 601s-1,77815 1 
122 a oſfes 
Yr Added are 2.380211 


—— Subſt. the third 


20 Numbers Log. LOTPvi 


Reſts. 1.301032 
Which in the Table you will find to bethe 
Logarithme of 20, the Quotient by Com- 
mon Arithmetick as above. 


SECT. $%» 


To Extradct the Square Root(which 1s the 
ſame as to find a mean proportional between 
i and the numbers given ) therefore to 
dothis obſerve, That halt the Logarichme 
of the Number given is the full Logarithme 
of the Square Root : Sothe Log. of 144 is 
2.158362, halt whereof is the Square Roct, 
viz, the Log. of 12, 1,07918. 


37 7 66 0 
To Extract the Cube Root is Iikewiſe no 
more but to rake the third part of the 
Loga- 
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' Logarithme of any Number, whoſe Cube 
' Root is demanded, which third part 1s the 
* Logarithme of the ſame Cube Root: As 
for Example. "The Log. of 64 1s 1.806180, 
the third.part whereof is 0.602060, which 
you will find to be the Logarithme of 4, 
 whichis the Cube Root of64 ; the reaſon 
is, becauſe the Cubiq; Root is always the 
firſt of two mean proportionals betwixt :, 
and the number glven : 

Note that any Number multiplyed into it 
ſelf, the Product 1s the ſquare number, and 
the Square Root is that fame hrit Number ;, 
as 8 multiplyed by 8 gives 64. his Square, 
and his Root 8. And multiply a Square: 
Number by his Root gives you the Cube ; 
as 64 m Itiplyed by 8 gives 5 12 the Cube 
Number, his Root 8, 


SE CT.:8: 

Fo find a mean proportional between 
two Extream numbers given. Add the Lo- 
garithmesof the two Extream numbers to- 
gether; the half of the Sum ſhall be the 
Logarithme of the mean proportional re- 
quired. * As to find a mean proportional 
vetwixt 8 and 32, which ſhall-bear the fame 
Droporticn to 32, as 8 does to it. 


Cx 
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The Logar. of 8 is 0.993090 
The Logar, of 32 is 1.505150 


i —— —— 


Added together is 2.408240 
Halt whereof 1s 1,204120 


The Log. of 16, the mean proportional ; 
tor a$16 is to 8, ſ01$32 t016. 


Thus you have Numeration, Multiplica- 
tion, ard Divilion by Logarithmes : Alſo 
the Rule of Three, The Extraction of the 
Squareand Cu'e Root, and to find a mean 


proportional between two Extream Num- 
bers gIven. : 


He that deſires to know more of theſe, or 


more at large concerning theſe, I refer him 
to the latter end of Grunters works, from 


whence theſe are tor the moſt part colleCted. 


— 


CHAP.-IV. 
of Inſtrumental Arithmetick. 


N the Fourth place I proceed to that kind 


of Arithmetick, which I call Inſtramen- 


tal or Lineal, becauſe it is wrought upon 
Lines aid Mathemarical Inſtr:ments. Thoſe 
which 1 ſhall mention are theſe Three, Mr. 


Gunters L 


mu 
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Gunters Seftor, Mr. Wingates Rule of Pro- 
portion , and Mr. Seth Partrzage's Sliding, 
Rule, being only the Lines of Numbers ,. 
Sines, and Tangents diverlly improved. 


S'EC#.- 

The Excellency of Partridge's Sliding) 
Rule conſiſts in this, That one may work 
upon it without Compaſles, and after the: 
ſame be right ſet, it often reſolves ſeveral. 

veſtions at once, without altering the po- 

ition ; only thoſe which I have fcen, are: 
ſet to fo ſhort a Radius, which makes 1t leſs. 
exat, and more 1ubject to Error.. I ſhould 
adviſe the Reader to buy the Book, as be- 
ing very plain, and for the accommodating 
of it to any other Lines of Numbers, Sines, 
and Tangents, which may be to a. larger 
Radius, and to uſe Compalſlles, obſerve this 
general Rule, That whatis Termecd in the 
uſe of that Inſtrument, ['Set ſuch. a rum- 
ber on the Firſt toanother number on the 
Second, Then againſt the Third Number on: 
the Firſt, 1s the Fourtlron the Second. ]T he 

{ame npon the plain lines of Numbers, Sines. 
and Iangents, with a pair of Compaſſes, is 
thus worded [ Extend the Compaſles from 

inch a number to ſuch a number, (or from 
the lirſt number to the ſecond). The ſame: . 
Extent the fame way will-reach from the: 
Third Number toa-fourth: required: This: | 
difference: 
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difference obſerved, the ſame Book and Di- 
reftions will ſerve for either this Rule, or 
any other line of Numbers, Sines, and 
Tanyents whatſoever. 


S'E C3: 3. 

Next as to Mr, V/Yingates Rule of Pro- 
por tion, Its excellency conſiſts in this, that 
it is done. to a very Jarge Radius, and ve- 
ry neat diviſions, and therefore ſo much the 
more exact. 

Likewiſe by this you have the Square and 
Cube Roots by inipection only, and the 
reaſon is, becauſe to a very large Line of 
Numbers, called by him the great Line of 
Numbers there 1s adjoined a line of Num- 
bers twice repeated to find the Square Root 
and mean proportions, called by him the 
mean line of Numbers, and likewiſe a line 
of Numbers 3 times repeated, called his lit- 
tle line of Numbers, and this applyed to the 
aforeſaid great line of Numbers finds the 
Cobe Roots, and both theſe by inſpection 
only. 

In other principal ReſpeCts both theſe 
Rules do agree with the lines of Numbers, 
SInes, and I angents upon the outward 
ed pe of Gurnters Sector, he being the firſt 
ye boo and Inventor thereof; therefore ha- 
ving hinted to you wherein the particular 
Exceilencies of theſe other two Rules do 
% .oiwt + COll- 
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\ conſiſt, I ſhall ſhew you the general Uſe of 
* theſe Lines of Numbers, Sines and Tan- 


gents upon the SeZtor ( being the fame in 
{ubſtance with thetwo former, only diffe- 


; rently improved) as I ſaid before. 


SECT: $; 
Therefore in the third place Gurters 


- Sector | account the moſt excellent Inſtru- 


ment of all other, and moſt general for all 


- Uſes, Intents, and Parpoſes whatſoever ; 
. not only in working all proportions , but 
- it may alſo eaſily be improved to an excel- 


leat Quadrant and Theodolite, thereby to 


- take Heights and Diſtances , and by that 
* means to become a Panorganon, an Univer- 
' fal Inſtrument to do any thing or every 


thing both for Calculation and Obſervati- 
on: But in this place I intend only to in- 


. fiſt upon whatit hath Common with Par- 


tridge's Sliding Rule,and//ngate's Rule of 
Proportion : Towit, 


" The Lines of Numbers, Sines, and Tangents. 


Then to ſhew you, 


I. Numeration upon the Lines or the rea- 
ding of them, which is on this manner. 


 TheLine of Numbers conſiſts uſcally of 


. twoparts, the former and the latter, each 
' Dumbred with theſe Figures, 1.2,3-4- 5.6. 
9-8. 9.1, being the ſame Line twice re- 


- Peated. 
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peated. Now thele Fignres according as 
you have occaſion, may ſignifie either fin- 
gle Units, Tens , Hundreds, Thonſands, 
Ten Thouſands, or any other imaginable 
Number, by Mr. Wingate called Primes, 
Tens, Centeſmes, Millains, &c. And the _ 
ſmaller diviſions lignifie proportionably in 
order to what their ?rimes are taken for. 
And inreference to the firſt and ſecond part 
of this Line take this Kule. If the Primes 
that is the large Diviſions where the bi- 
gures are plac't do in the former part ſig- 
nifie Units, only the ſubdivitons are +, 
Tenths parts of the ſame Units, &c. accor- 
dingly if ſmaller Diviſions happen under 
theſe : And the Primes 1n the iecond or lat- 
ter part of the Line ſignifie Tens to rhe 
former Units, and Hundreds, if the firſt 
Primes {ignifie Tens; Thoufands\if the firſt 
ſignife Hundreds, &c. Now to give one + 
Example forall, The firſt Prime in the {- 
cond part is divided firſt in 1o parts, and 
thole Tens arc again really divided into 
Ten more, and theſe laſt at leaſt ſuppoſed 
to be divided into Ten more till ; ſo that 
ſuppoſe a man would numberupon the Line 
11575. The firſt part of the Line ſignifies 
the Firſt Figure x0 Thouſand. The firſ: 
Prime in the ſecond part ſignifies the e- - 
cond Figure 1000. Five of the larger Di- 
vikons into Tens ligne 500, the ſeven ſub> | 
divifons \ 


DR OT TOR ney” IN 


2 vw EA, 
; F/ reg $ L a ant # 
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diviſions intoother Tens, ſignifie 70, -and 


adding to theſe half of the next ſmall Di- 


viſion by Eſtimation, ſignifies the odd 5, 
ſo at that very place you have 11575, and 
ſo of any other Number, whether bigger 
or leſſer. 

For the Line of (ines, *tis eafie being num- 
bred by 10. 20. 30.40. 50. 60.' 70. 80. 90, 
and the former part with 1. 2. 3. 4. 5.6. 7. 
8.9, Theſe ſignifying lingle Degrees, and 
the ſubdiviſions firſt into 6, each ignify- 
10 Minutes, and thoſe again divided into 


+ halis , which ſignifie 5 Minntes, the reſt 
© ſupplyed by Eſtimation or Suppoſition - In 


the ſecond part they are firſt divided into 
Ten larger parts, which ſignifie each one 
Degree, and thoſe Ten ſubdivided into 6, 


which ſignthe each 10 Minutes, cc. 


And what 1s faid of the Line of Sines, 
the ſame may be ſaid of the Line of Tan- 
gents, ſignifying alſo Degrees and Minntes, 
and proceeding forwards to 45, at the end 
of the Line, and ſo backwards to go, where 


you begun, as you will fe ſignified by Fi- 


gures to that purpoſe 
Having as plainly as I can exprefſed \u- 


; meration upon the Rule, in the next place I 
come ro ſhew you the next conſiderable Rule 
 1n Arthmeick, upon theſe Lines; To wit, 


II. A4nl-. 
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H. Multiplication ; And to Multiply, Ex- 
tend the Compaſſes upon the Ligze of Num- 
bers from 1 to the Multiplicator. This 
done, the ſame Extent the ſame way will 
exaCtly reach from the Multiplicand to the | 
Product required: As for Example, To mul- *? 
tiply 42 by 33, extend your Compaſies * 
from 1 to 33, the ſame Extent will reach 35 
from 42 to 1386, ſo tomultiply 18 by 4, 
Extend the Compaſſes from «: to , in the 
former part of the Line, and the ſame Ex- 
tent in the ſecond part will reach from 18 
to 72. Thelike is to be underſtood of all 
other Queſtions 1n Multiplication : Only 
take this other Example. | 

la Lands and Houſes ſold at ſo many 
years purchaſe. To find what the value of 
the whole will be by the Line of Numbers. 
The Extent of the Compaſles from one to 
the number of years, will reach the ſame 
way from the yearly Rent, to the Sum of 
tne Purchaſe. As the Extent from 1 to 20 
will reach from 10 to 2c0, which ſhews, 
that 10 /. per Ammumat 20 years purchaſe, 
is worth 200 L. and ſo of any other. 

Ill.  D:zviſton : To Divide by the Lines, 
Extend your Compalles upon the Line of 
Numbers from the Diviſor to One: This 
done, if you apply the fame Extent the 
ſame way from the Dividend, the move able 
point will fall upon the Quotient. As to 

. Divide 
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41 
Divide 12 by 3, Extend the Compaſles from 
3 tO 1, the lame Extent will reach the ſame 
way from 12 to 4, which is the Quotient. 

IV. To Perform the Rule of Three, or 


* Three numbers being given to find a Fourth, 
Z Extend the Compalſles from the Firft to the 
® Second, and that Extent the ſame way will 
Z reach from the Third number to the Fourth. 


"Eee! 


®* As to take the ſame Example as in Loga- 
* rithmes : If 12 give 4, what glves 60. 


4 Extend the Compaſſes from 12 to 4, the 
* ſame Extent the ſame way will reach from 


Sx 


60 to 20, the number required. 
V. ToExtraft the Square Root 1s the ſame 


*as to find a mean proportional betwixt 1, 
.and the number given ; therefore divide the 


{aid diſtance betwixt 1 and the number gi- 
ven into two equal parts,and at that point 
you will find the Square Root. As for Ex- 
anple, the middlediſtance betwixt 1 and 9, 
you will find to be at 3, which is the Square 
Root of 9, for 3 times 3 is 9. 


Now by Mr. Wingate's Rule to find the 


Square Root 7 enſpettion only, take 
this Rule. | 


When the Figures of the Number given 


are even, as when the Number conſiſts of 
2 4 6 8 Figures, look the ſame number in 


;the firſt part of the mean Line of Numbers, 


and 
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and juſt over againſt it at the ſame point 
upon the great Line of Numbers (or indeed 
upon that Line of Numbers beginning in 
the middle, for this together with the other 
makes but up the great Line of Numbers | 
compleat) there you have the Square Root $ 
by inſpetion only; as 1441 find at the 
point S, and oyer againſt it 12, which 1% 
the Square Root thereof. © 3 
VI. ToExtratt the Cube Root is to. find 2 * 
mean proportionals betwixt the Number ' 
given, and 1 - Therefore upon the Line of : 
Numbers divide the diſtance betwixt the 
namber given, and 1 into three equal parts, | 
and the firſt of thoſe 3 parts from 1 1s the 
Cube Root. For Exarple, Extend your 
Compaſles from 1 to 4, and that will divide 
the diſtance betwixrt 1 and 64 into three 
__ parts, therefore 4 is the Cube Root : 
of 64, and to prove it, multiply 4. by + 
makes 16, and 16 multiplyed again by 4 
makes 64, the Cube namber, its Root 4. 


New to do this apon Mr. Wingate's +. 
Rule , by Inſpeftion enly, Take 
this Rule. 


When the Number propounded conſiſts | 
of theſe Figures, viz. of 1. 4. or 7. find it | 
In the firſt part of that which he calls the 
little Line of Numbers (being the Line of | 
Num- 
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| Numbers three times repeated.) If it con- 
Ef fiſt of 2 5 or 8 Figures, then find It in the 
| ſecond part, or if of 3 6 9, then find it in 

the third part : And this done, obſerve, 
T That at the very ſame point, upon the 
A great Line of Numbers, you ſhall find the 
22 Cube Root you look for. As for Example, 
; ZTo find the Cube Root of 64, becauſe the 

Znumber conſiſts of 2 Figures, therefore look 
| Hfor 64 in the ſecond part of the little Line 
| Zof Numbers, and over againſt it exactly in 
' *the great Line of numbers you find 4, which 
' 215 its Cube Root. 

* VII. To find a Mean Proportional be- 
 2wixt two Extream Numbers, ts only to 
divide the ſpace betwixt the Extream num- 
bers into two equal parts, or by Wingates 

 . Rule, Extend the Compaſſes upon the mean 
+ Line ofnumbers, from one of the Extream 
Numbers to the other. This done, the 
fame Extent applyed upon the great Line of 
numbers from either of the numbers to- 

' wards the other, the moveable point will 

fall in the middle betwixt them ; iz. up- 
on the point repreſenting the mean pro- 
portional required. Example, 8 16 32. 

- Thus you have all the neceſlary parts of 
Arithmetick performed by the Lines of 
Numbers, Sines, and Tangents, and what 
=s ſaid as to Numbers only, the like will hold 
35 tones and Tangents alone, or theſe fe- 
c verals 
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verals mixt, as between Sines and Numbers, 
Tangents and Numbers, or Sines and Tan- 
gents; as the nature of the queſtion ſhall 
require. He that deſires to know more Ton- 
cerning theſe, | ſhould adviſe to buy Mr. 
Wingates Book, called his Rule of Propor- 
tion, wherein you have the Rule it ſelf in 
paper , which you may get paſted upon | 
wood ; and will be no great coſt, and will ' 
ſhew you the whole Myſtery of it; Allo l ' 
ſhould adviſe to buy Seth Partridges's Book, | 
ſhewing the uſe of his Sliding Rule, being ' 
plainer than Wingates, only obſerving the ? 
Rule before given for applying the Quelti- | 
ons, ſo as to be wrought upon a plain ? 
Lineof Numbers, Sines, and Tangents, and * 
a pair of Compaſſes. 


Lp #7 i IP © 
To conclude what may be aid in refe- © 
rence to Inſtrumental Arithmertick, | thinkit _ 
not amiſs to give you a ſhort Account of # 
Napiers Bones, whereby Multipiication and 
Diviſion in Common Arithmetick is perform- * 
ed by Addition and SubſtraCtion only with- | 
out charging the Memory. | | 
Napiers Bones then are nothing elſe but 4 
Pythagoras Table with divided Lines. For 
Reading the Bones begin alwaies on the 
right hand, and take them as they lye in 
each Diagonal Line, and if there be two F1- 
gures 
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Figures in the ſame Diagonal, make but 
one of them by adding them together ; and 
ifthey exceed 10, take 1 to the Figure of 
he next Diagonal immediately following. 
s for Example. 
Againſt 9 you find in the firſt Diagonal 
by it ſelf ; in thenext7 and 4 which makes 
11 ; thereforeſetdown rt, and carry one to 
Mhe next Diagonal, which is 5 and 1, and r 
ou carryed makes 7, and in the laſt Dia- 
onal ſtands 8 by it ſelf, ſo they are to be 
Fread 8712,-and fo of any other niſmber 
Aw hatſoever. 


g\r Multiplicand o 68 
Þ 7 Multiplyer 5 79 

7171 T 
4 | 


in 
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In Multiplication place alwates the Mul- 
tiplicand in the Top of the Bones, and a- 
gainſt every Unite of the Multiplyer 1n the | 
ſide, you will find the particular Product * 
of the ſame Unite, which added together, 
as in the Example, makes up the whole Pro- | 
dutt as before. : 

For Diviſion place the Diviſor in the top : 
of the Bones, and by finding the neareſt ' 
leſs number to the Dividend, you may find * 
how often the Diviſor is contained therein. | 


As for Example. 


Diviſor g68 
Dividend 6776 


Say how many times 968 in 6976. Look? 
6776 (or the neareſt leſs number to it) but} 
this is in the Table over againſt 7, which ? 
ſhewsit 1s juſt 7 times contained in the Di: 
vidend; ſo that 7 is the Quotient without | ; 
any Fraftion, and the like-is to be under- * 
ſtood of dividing any other number by any 
other number: Or to give you an Example: 
how to divide a larger Sum, and by conſe-F 
quence aity Sum; as to Divide 560472 by} 
968, by Napiers Bones. 

Firit, Upon Paper fet down the Divi- 
dend, 51:4 makiug a ſt: oke with ) yo r Pefl 


on the left hand, there place rl; Ui rs 
1 
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and making, another ſtroke with your Pen 

Pn the right hand, there place the Figures 
Sf the Quotient, then obſerve upon the 
FIividend how far the Diviſor will reach, 
2s in this Example, to the Figure 4 ; there 
Dake a prick ; Then having tabulated the 
Bones, placing the Diviſor in the Top as 
Þefore, find out the neareſt leſs number to 
F*04. which you will find to be 4840. which 
ou will find againſt the Figure 5, therefore 
Sut 5 in the Quotient, and place this 4840 
Þader the Figures of the Dividend, and 
JubſtraCt it from 5604y there remains 764 
Zo which add the next Figurein the Di- 
Fidend, viz. 7. (making 8 prick under the 
Faid Figure in the Dividend, to know how 
Far you are gone in the operation) Theſe 

ogether make 7647 : Then upon the 


by 
» 


(| 
: Bones look for the neareſt leſs number to 
1 29647, and you will find it 6776, and over 
. Bgainſt it the Figore 7, therefore put 7 in 
t Fhe Quotient : And Subſtraft this 6776 
.. "From 7647, the Remaiuder 1s 871 , to 
Which add the next Figure in the Dividend, 
-$z. 2, and theſe make together 8712: 
. {T herefore on the Bones look the neareſt leſs 
Sumber to $712, but you will. find the ex- 
Kt number it ſelf ſtanding agaiuſt the Fi- 
;-(þ2fe », therefore put 912 the Quotient, 
n{Þ-< nothirg Temains, elſe what had re- 
c,Malned, had been. the Frattion, and this 


] will 
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will make plain any other operation in Di- 
viſion upon Napiers Bones, and therefore |} 
fhall need to add no more. 5 


968 (560472 (579 
4840 


7647 
6776 


8712 


And thus much ſhall ſuffice to have ſpoken 
for the underſtanding of Napiers Bones. As | 
alſo for what I ſhall ſay to the Firſt Part 
the Mathematicks, conſiſting in Arithmetich, 
and the four ſeveral kinds of it, as it i 
diſtinguiſhed into Common, Decimal, Ls 
garithmetical, and Inftrumental ; and her: | 
L intended to have ſhown theUſe of the Rel! 
of the Sedtor (beſides the Lines of Numbers. 
Sines and Tangents) : But upon more mz . 
ture conſideration I find it more proper]; 
to be Geometrical, then Arithmetical, anc 
therefore by way of Tranſition it wſll lea 
me by the hand (as it were) to the Seconc 

Part of the Matbematicks, (or the Secon 
Mathematical Liberal Science) to wit, Get _ 
metry, where you may expect an Explanatio!.* 
of the reſt of the Seftor, as alſo the way 05 
Protratt;on by Scale ard Compals. 2 
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The Second B O O K. 


OF 


GEOMETRY. 


FART 


EO MET RT is the Second L:1- 
beral Science which may be pro- 
perly called Mathematical, and 
may be conſidered under a dou- 
ble Notion. Firſt in General, as 1t mikes 
and meaſures Geometrical Figures. Second- 
ly according to the proper and particular 
Etymology of the Word, w hich is derived 
from yn Terra, & wires 1M enſura, The Meea- 

. ſuring of the Earth (that is as I have elſe- 

' where explained ir) the whole Globe of 

\; the Earth, containing Sea and Land, that 

4 which concerns the Land being called S«r- 

7 veyeng, and that which concerns the 'Sea, 

2 Navigation. 


D I. But 
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| | |. But firſt of Geometry in General, 


if All Bodies whatſoever which come * 
within the Compaſs of Geometry, or ate to 
be meaſured, may be diſtinguiſhed into theſe 
Two kinds. Firſt, Saperficizes. Secondly, 
Solids; Ard theſe are repreſented by Gee. : 
metrical Figures, which Figures being pro- 
| tracted or laid down in due Proportion and 
th Quantities anſwerable to the ſeveral Bo- 
it dies they repreſent. The Bodies themſelves 
| ih are Meaſured by the ſame Rulesas theſe Fi- 
! 138 gures are which repreſent the ſame. 
' 7i7 Now theſe Figures areas various, as there 
| 1H are Superficial or Solid Bodies of various 

þ _ and different ſhapes and magnitudes ; inſo- 
| much as in this reſpe&t they may be faid to 
L 1 be infinite , ſome Regular, but the moſt Ir- 
4 of regular. All which , notwithſtanding of 
i: what ſhape or Irregularity ſoever, may be 
reduced to ſome of theſe three Regular 
Fl Geometrical Figures, the Grcie, Square, and 
il Triangle. Therefore in this place I ſhall 
I ſhew you 

i 1. How theſe three Figures are produced, 
i | protracted, or made. 
| I 2. How they may be reduced to one ano- 
[ k ther, or any other to theſe or ſome 0! 
| theſe. And, 


3. How : 
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3. How theſe, and conſequently all other 
® Geometrical Bodies - or Figures are to be 
2 meaſured , whereby you will ſee, that as 
3 Arithmetick is principally comprized in the 
| I Rule of Three, {0 Geometry and Aſtronomy 
' * may becomprehended in the Reſolution, or 
7 the making and meaſuring of a Triangle, 
2 called Trsgonometry. 


- 
Mm 
$z 


* Firſt then, How theſe three Figures, the 
=» Circle, the Square, and the Triangle are 
| .* produced, and ſo they will be found to de- 
- rive their Original from theſe three Ceo- 
* metrical Principles. 
_* 1. Apoint which 1s void of all magni- 
' > tude,and hath neither length nor Breadth. 
> 2, A Line which 1s a Length without 
© Breadth, drawn from one point to another, 
: and may be either ſtrait or crooked. 
© 3. An Angle which is made by two Lines 
' © meeting in a point, that point being called 
the Angle, or the Angular Point : So that as 
the Termsor Limits of a Line are Points , 
| , and the Terms or Limits of An gles are Lines, 
ſo the Terms or Lim ts of Superſicies are 
\ _ bothLinesand Angles, and the Terms or 
Limits of Solids are Syperkicies. 
| Again, a Point hath neither Length nor 
+ Breadth; a Line hath Length , but no 
Breadth; a Superficies hath both Length 
and Breadth ; a Solid hath both Lensth, 
Breadth, and Thickneſs. & 
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CHAT: 


Bu: before | ſpeak particularly of theſe 
three Geometrical Figures, | ſhould ne- 
ceſlarily lay down ſome few Geometrical Pro- 
blems becaule (as a Circle is made of a Line 


drawn equally diſtant on all ſides from a 


Point called its Center.) So the Square and 
the Triangle are made up of Lines and An- 
gles, and therefore there will be ſeveral 
times mention made of Parallel Lines, and 
Perpendiculars : And alſo in the two latter 
Figures there will be occaſion for laying 
down of Angles, &c. I ſhall therefore in 
this place (once for all) lay down theſe few 
Geometrical Problems, not to trouble you 


with any more but thoſe abſolutely ne- 
ceſſary. 


: 4 
4 
A 


BOOK IF. 


Firſt, To draw a Line Parallel to any other 
Line given at any aiſt ance required. 


Let the Line given 


be AB, unto which it 


- or BD. Open your Con: * 


is required to draw ano- 
ther Line Parallel there- 
unto at thediſtance AC, 


- paſſes tothediſtance AC 


- or BD, and place one 


Foot in A with the 0- 
ther deſcribe the Arch 
C, allo place one Foot 
in B, and with the 0- 
ther deſcribe the Arch 
D, then draw the Line 
CD, ſo that it may on- 
ly touch tne Arches C 
and D, ſo ſhall the Line 
CD be parallel to AB, 
as required. 


9.8 C7. 1: 
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To Ereit a Perpendicular on the end of a 
Right Line grven. 


Firſt, Divide the Line OR from R in 
ny 5 Equal parts, asIn the Example 1. 2. 
3.4 5- Then take with your Compaſles 
the diſtance from R to 4. and placing 
0i:0 Foot in R, with the other deſcribe the 
pricked Arch PP, then take with your 
Compalſlles the diſtance from R to 5, and 
placing one Foot in 3, with the other de- 
ſcribe the pricked Arch BB, and from the 
Point where theſe two Arches interſect one 
another to the point R, draw a Right 


'X SONS IRTBAS STD 


CE "LL EL © ® 


Line, and that will be a true Perpendicu- 
lar ; or open your Compaſles to any con- 
vcnient Diſtance, and ſet one Foot in the 

PoLNT 


p 
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point R, with the other make a mark at 


7 pleaſure, as O, then keeping the Compals 
2 pointin ©, with the other deſcribean Arch 
* 2s BB, as alſoanother Arch to cut the gl- 
' ven LineinS. Laſtly lay a Ruler from S 


to ©, willcro the Arch BB in T, and a 


| line drawn from T to R will be the perpen- 
 dicular required. 


 Þ 41 1 FE 
How to let fall a Perpendicular from any 
point aſſign'd upon a Right Line. 


Let the Point givenbe C, and to let fall 
a Perpendicular upon the Line AB. Firſt 
from C draw a Line by chance, as CE, 
which divide into two equal parts at D 


Cc 


and with the Diſtance D C deſcribe the 
Semicircle CFE, and note where the {ame 
D 4 Cuts 
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cuts the Line AB, and from that point A, 
to the point C, draw the right Line C F, 
which ſhall be the Perpendicular required. 


$8 CT: <4. 
To Divide a Line #nto 2 equal parts by 
a Perpendicular. 


Let the given Line be AB, fix one foot 
of your Compaſſes in A, and ſetting them 
at any convenient diſtance above halt the 
given line, deſcribe the Arches D and F, 
carry your Compaſſes to B with the ſame 
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2 diſtance deſcribe the Arches C and E> 
7 fas they may croſs the other Arches, and 
* by thoſe InterſeQtions lay your Ruler, and 
* draw the line GH, which will cnt the given 
- Line in the midſt, and be a perpendicular 


- alſo toit, which was required. 


2 S OO 
To Divide a Line given to any Proportion r es 
quired, as to Divide the Line A containing 

40 Equal parts (let them be what they will) 

in proportion, 4s 20 is to 3O, or as the Line 

B zs ro C. ” 

Add(the Lines BandC together) or £&: 
20 and 30,which makes 50,then ſay by 16 
the Rule of Proportion. If. 50 the ſum 
of both the given Terms give 4> the \ 
whole Line A, what ſhall 3o the grea- 
ter Term give? Multiply and Divide, 124 
you ſhall have 1a the Quotient 24 for _| 
the greater part of the Line A, which E 
taken from 40 the whole Line, there | 
remains 16 for the other part. 

For as 50 1S to 40, ſoils 30 to 24,. 
Or 20 tO 16, Or 8$ 3O Is to 20, ſo is 
24. tO 16, 


y 


A 
But to do this Geometr ically, or by.Lines, 


ſuppoſe AB to contain 40, and you would: 


divide the ſame in ſuch. proportion as C: 
to D;. 


D $; Firſt 
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Firſt; From the point Az draw the Line 
AE at pleaſure, making the Angle EAB, 
then take in your Compaſſes the Line C, 
and ſet it fromA to F, alſo take the Line 
D, and ſetit from F to E, and draw the 
Line E B perpendicular to AB, Then from 
the point F draw the Line FG parallel to 
EB, cutting the given Line AB inG, fois 
the Line A B divided as required. 


EF D 


"= B ED 

By Wrigung the Baſe ofa Right Angled 

Triangle by this Provlem, 2nd drawing a 
Lire from the oppotite Angle to the point 


of Divition at G, you divide the Triangle 
it ſelf according io the ſame proportion. 
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'* Three Lines being given, to find a fourth in 

' preportion to them. Or to perform the Rule 
of Three in Lines, Draw 2 Lines, making 
any Angle as the Lines E D and E F, then 
the Three Lines given, being A B C, tofind 
the Line M. 


Firſt take the Line A in your Compaſſes 
(that is 24 from a Scale of equal parts) and 
ſet it from E to G, then take the Line 
B 28. and ſet that length from E to H, 
then take the third given Line in your Com- 
palles C. 36, and ſet it from E to K, and 
through the point K, draw the Line K. L 
parallel] to G. H. ſo ſhall the Line E L be 
the tourth proportioral required, For, as 
EGtoEH, fois EK to EL. 
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S ECT:5 


To find a mean proportional Line between 
Two Lines gen. 


Let the two Lines given be A and B, |» 
which joyn together in the point E, mak- | 
ing one right Line as CD. which divide in- 
to two equal parts in the point G, upon | 
which point G with the diſtance GC or ' 
GD deſcribe the Semicircle CFD,then from 
the point E, (where the two Lines are * 
jvyned together ) raiſe the perpendicular 
E F. cutting the Periphery of the Semicir- 
clein F, ſo ſhall the Line EF bea mean 
proportional between the two given Lines, 

A and B. For, As 
ED.9g. isto EF. 12. fo is EF. 12. toCE.16. 
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q SECT: bv. 

To Protr aft by Scale and Compaſs, or for want. 
of a Scale to make a Line of equal Parts, 
which together with a Line of Chordes (the 
> making whereof is taught Folio 67.) You 
| may lay down any Line of what length you 
= pleaſe: or Angle of how many Degrees 
| and Minutes ſever, which take as follows. 


Py df 
} 
TA 


' - Firſt, Forlaying down any Line of what 

! length you pleaſe. There are ſeyeral Scales 
both of Braſs and Wood, (that is) a Line 
of equal parts for protracting of Lines ; 
and a Line of Chords for protratting of 
Angles; (together with other Lines at 
pleaſure, asa Line of Rumbs and Secants, 
or the like : ) But for want of ſuch a Scale 
you may make theſe Lines your ſelf upon 
Paper, which will ſerve upon occaſion. 


Pg 


62 
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Firſt then, To makea Line of equal 
Parts, open your Campaſlles to ſome 


ſmall diſtance at pleaſure, and run it | 


ten times over. Then opening the 
Compaſſes to the Extent of the wholc 


Ten {mall Divifgons run that di- _ 


ſtance over nine times more, ſo have {- 
you a Scale of equal parts, and one 
of them divided into other Ten parts. 


Then taking 6 of theſe larger Duviſi- 
ons in your Compaſſes, make it the 


Radius or Semidiameter of a Circle, © 


whereby you may draw a Line of: 


Chords, or Rumbs, or Secants, &c. 
as you'l ſee hereafter. 

Now to Protract by theſe, you 
ſhall be taught it in making thoſe two 
following Geometrical Figures, vx 
Squares and Triangles. To avoid 
unneceſſary Repetitions, there are al- 
{o Protrattors (properly ſo called) by 
which you may lay down Angles, an( 
avoid the drawing of many unnece(]3- 
ry Lines on the Paper ; which ai: 
Protrattors are made of a thin piece 
of Braſs, cut into a perfect Semicir- 


_ . . 4 
cle, and divided into Degrees of : * fl 
Circle, with a hole 1n the Center,anc 
a Diameter drawn through the ſail 


Center, which is called the Aeriai. T 


Line, The way of Protrafting by thiW 


P a '% 
ry* 3 
"YN 

a 
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Frotra&tor, you ſhall alſo have exemplified 
Sn making of Squaresand Triangles. And 
Sn the third place you may alſo Protract 
Angles from a Line of Right Sines as ſhall 
alſo be ſhewed you hereafter ; and ſhall give 
{ you examples of each of theſe ſeveral wayes 
In every Figure, ſo you may make uſe of 
which pleaſes you beſt. But now to pro- 
Teed to ſpeak of thoſe three famous Geo- 
"metrical Figures, The Circle, Square, and 
Triangle particularly, and in order, and 
that in a double Capacity. Firſt, as they are 
* Superficies, And , Secondly , as they are 
Solids, And firſt of a Crcle. 


— — 


——— ——__—— 


CHA-P. IL 
Of a Circle. 


A Circle1s a Geometrical Figure, which 
of all other is the moſt perfect, being 

an Emblem of Eternity , having neither 

Beginning nor End, and is made by the 
, drawing a Line called the Circumference, 
cqually every way diſtant from a Point in 
zthe middle called the Center, thorough 
Ewiich Point or Center a ſtraight line drawn 
Ffrom any part of the Circumference to ano- 
Ac hicr 1s called the Diameter; and any Line 
4 drawn 


%- 
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drawn from the ſaid Center to the Circum: | 
ference 1s called the Semidiameter or Radi- / 
us, or Sinus Totus, the whole Line of Sines, # 
which being divided into yo unequal parts 2 
are called Right Sines. The whole Cir- 
cumference of the Circle, let it be bigger # 
or tefs, is alwaies ſuppoſed tocontain 360 
Degrees, and is accordiigly by Mathems- 8 
ticians alwales divided into ſo many, equal F 
parts. The Semicircle into 18c, andeve- 8 
ry Quadrant or fourth part ofa Circle in- 3 
to 90. Each of theſe Degrees are ſubdivi- 
ded into 60 Minutes,. and each Minute ſup- * 
poſed art leaſt to contain 60 Seconds, and 
every Second 60 Thirds, &c, as the large- 
neſs of the Circle will admit. Now by 
means of theſe Diviſions in the Circumfe- 
rence, for the finding out of Proportions, 
beſides the Line of Sines before-mentioned, 
thereare many other Lines belonging to a 
Circle ; as there are not only Right Sines, 
but alſo verſed Sines, Sines, and Sines com- 
plements, or Coſines ; Tangents, and Co- 
tangents , Secants, and Chorus, for the 
underſtanding of all which, I ſhall give you 
this following Diagram, 2nd how all theſe ' 
Lines aredrawn and divided. * 
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Tangent? D 


RO $ECT.- 1; 

Firſt then, Setting one Foot of your Com- 
| Paſſes in the Center at C, with the other 
deſcribe 


- bn OE — I. - m I Ine ap - _ _ 
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deſcribe the Semicircle BAD, the Diame- | 
ter whereof is BD, the Line of verſed Sine; ! 
which 1s no other than two Scales of Sines, ! 
as the whole Line BD divided into go. De-# 
grees at C. and ſoon to 180. at D. Nov# 
for the drawing of theſe, place one foot of - 
your Compalles at C, with the other de 
{cribe occult Semi-Circles : as GKH. drawn 
through 46, Degrees of the Line of Sines, 


| gtves 50 degrees of verſed Sines at the point 


G. and 130 Degrees; at H. 


SECT. 2 , 
To find the verſed Sine of any Arch 4- : 
rithmetically : If the Arch given be lei: * 
than go, ſubſtra& it from go, and the {inc * 
of the Remainder taken from the Total 
Sine or Radius leaves the verſed Line. lt 
the Arch be greater than go, ſubſtraCt go 
degrees therefrom, and ſeek the ſine of the 
Remainder, which is alwaies the complc- 
ment of the given Arch z which line add to 
the whole ſine, and the toral thereof is the 
verſed ſine of the given Arch deſired. 


EE CT-2. 4 

Todraw a Line of Right Sines and Co-" 
lines through every Degree, or Tenth Dc-? 
gree of the Quadrant AD, draw right Lines} 
parallel to the Line CD, till they cut the} 
Lines AC, and thoſe are fines: a Line drawn} 
per-| 
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- Serpendicular from the ſame place to. the 
; Wine C D is the ſine complement or Colne, 
» Fas in the Diagram. 


q. $-E. CT: 4. 
f=? To draw a Line of Tangents and Co- 
tangents. For Tangents upon the point 
'ÞD erect a perpendicular DE, and through 
Every degree of the Quadrant AD draw 
'Bght Lines from the Center Cy tull they cut 
the perpendicular DE, and theſe are Tan- 
gents. Another perpendicular erected up- 
*en the point A, and touching the aforeſaid 
- Jine drawn from the Center , are Co-tan- 
C: ents, as AP. 
2 SECT. 
\ * Todrawa Secaat is this very line drawn 
) from the Center toE, which is the Secant 
: of 50 degrees, the perpendicular it ſelf, 
- Which it cutteth, being the line of Tan- 
gents. . 


1 SECT. 6. 
> To draw a line of Chordes, Draw a 
Frait line from B to A, and ſetting one 
Foot of your Compaſſes in B through eve- 

Ty Degree, or every tenth Degree in BA, 

graw Arches to cut the ſtrait line, -and that 

hall be a line of Chords, 

3 All theſe lines are of admirable uſe in fin- 
Bing of proportions,arifing from that Sym- 
| metrical 
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metrical proportion there is betwixt a Cir- 3 
cle, and the parts and lines belonging there- 1 
unto ; for according to the length of the 7 
Radiusor Semidiameter, ſo is the Circum- 
ference ; and ſo are theSines, Tangents, 
Secants and Chords belonging to the ſame * 
Circle or Radius : For Sines and Tangents - 
you ſee what excellent Effefts they have 
joyned with theline of Numbers in ſtr. 
mental Arithmetick, And for the Line of 
Secants, it is that which conſtitutes the 
Meridian Line, or Line of Latitudes of ab- _ 
ſolute uſe in Navigation ; and for the line * 
of Chords, its excellency conſiſts in protra- 
ing of Angles, without which (excepting | 
the Circle, which is perfe&tly round,) no * 
other Geometrical Figure can be made or -: 
meaſured. 


PROB L. I. 


Three Points being given, not lying in a direlt _ 
Line, to find the Center of a Circle, which | 


ſhall cut all the 3 Points, 4 


Let the Points be AB C, open you? 
Compaſſes to ſome reaſonable Scantlin:? 
more than half the diſtance betwixt A anc} 
B, with thatwideneſs ſtrike a Portion ol? 
an Arch upon the point A ; do ſoalſo upo!Þ 


the point B, and note the interſections ol} 


theſe} 
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cheſe 2 Arches, as at I and H, and produce 
Faline from I by H infinitely. Then with 
*® your Compaſſesat the ſame diſtance as be- 

þ 


fore, ſetting one foot in B; ſtrike an 
zArch towards C, and removing the ſame 
*o. C. ſtrike another Arch towards B, to 
xcrols each the other,and where theſe inter- 
ect as at F and G, draw another ſtrait line 
to croſs the former ; and where theſe two 
; >ſtrait lines interſe&t eachother, as at E, is 
-=the Center of a Circle, which ſhall cut all 
#the 3 points A.B.C,, the thing required. 
; FThe fameProblem will alſo find the Cen- 
: er to any Segment ofa Circle. 


* 8 
ve, 
. i 
Fo 
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To Divide the Circutnference of -a Cir. 


cle into any Number of ” parts. Di-" 
vide 350 by the Number of Parts, the Quo- 


tient ſhews the Degrees as follows. 


——_— 


| C120 1Loq 3) 
30 [EX | -4 | 20 on tha 
a 1:92 T the Semidiame- 
[8 60 34 1 2 = ter will divide! 
> 1 Ti 26M | 2s 2 " > A. Ihto 6 parts, and 
S?) 45 un] 85 the f1xth part 
< | 40 B-| 9 Gy the Serhidiame- 
36 iE. v | 40 ter into 36 equa 
32 44 =S | 11 parts, Sc. 
|." JB Y. L12u | 


| 
| 


Iwo Points within any Circle being given, hn 
to deſcribe the Arch of another great Cir 
cle which ſhull.paſs through thoſe rwo Pint: 
and alſo drvide the Circumference of the 9: 
ven Gircele nntotwo equal Parts. 


Let the two:Points be E,F, through ei- 
ther of which '(as'E) draw the right lir:: 
DE, ſo as to/pak through the Center k- 
at right Angles draw the line AC, thers 
draw the line EA, and from the point 4 
erect a perpendicular AG, and fo have yo! 
three points EFG, through which 3 point 
deſcriby 


Nieſeritien Circle whoſe Center you will find 
to beH, which will paſs through the two 
"given points EF, and divide the circumfe- 
-Tence of the given Circle into 2 equal parts 
'$t L and M. 


4 PRO B DL. 3. 
" tr o find a Right Line equal to 'the Chrcomference 
of a Orcte DIVER. 


Let the given Circle be BDCFE, Divide 
-the upper Semicircle into halfes at D, and 
-the lower Semicircle into three equal parts 
-at F and, and draw 'the tines DE, DF, 
: F-- E which cut the Diameter of the Circle at 
3 Gand H. Then make Gl equal to GH. 
And the length DIis a very litthke more 
than the length of the quadrafit BD, nel- 

| ther 
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Ba 
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ther doth theexceſs amount unto one par! 
of the Diameter BC, if it were divided in- 
to 5000, and four times the extent D! 
will be a little more than the whole circum 
ference of the Circle. 


PROBL. 4 


To draw a Geometrical Oval. 


Firſt, Draw two equal Circles , who{} 
Centers are A and D, the Diſtance AU? 
being equal to the Radius or Semid1s-Þ 
meter of each Circle : Then open your} 


Com#} 
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33 


Compalles tO the whole Dizmeter of the 
Circle, and ſet one Foot in H, with the 0- 
- ther ſtrike the Arch BGE, and with the 
Foot of the Compaſles removed to G ſtrike 
+ the Arch FHC, fo will the FigureBCFE 

| * bea perfet Geometrical Oval. 


CHAP; TH 


Hi? ſhewn you how a Circle is pro- 
duced, with all the Parts and Lines 
= belonging thereunto ; I come to ſhew you 
2 1n thenext place, How other Figires may 
ee be reduced thereuuto ; and afterwards 
JF ſhall ſhew you how to meaſure a Circle ei- 
= ther luperficial, or ſolid. 
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Now the Figures which may be reduced 
to a Circle, and meaſured by its Rules, are 
not many : My reading attords me only two 
matcrial , which are the Oval and the 
Square, 

And tor the Oval divide the Diſtance on 
the line of Numbers between the length 
and the breadth of the Oval into two cqual 
Parts, and the middle Point where the 
Compals ſtayeth on, ſhall be the Diameter 


of a Circle equal in Area to the Oval pi- 
VC 


5-6-6 7 $: 


Io Requce a Circle mito a Geometrical Squarc, 
or v) KNOWING the Superficial content of 4 Cir- 


cle, to find the ſide of a Square equal to it. 


Extract the Square Root of the whole 
content of the Circle, by taking half thc 
Logarithme of the ſaid content. As ſup- 
pole the content to be6 16, the Logarithmc 
whercol is 2,78953 1. 

Take the half thereof, 2 OP 
which 1s the Sjuare Root > he 6.22 hd a 
The ncarit number aaſwering hereto 1s 25, 
lo tlie {ide of the S4quare 'ought to be 


\ Nc4r 25 of the ſ4id parts, whereot 616 


were ſuppoicd to bethe contents, whether 
Iiches, Feet; Yards,@&c. 


SECT. 
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HE Sg 


+. Square Root of a Number, which isthe Su- 
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To Reduce a Circle into a Geometrical Square. 

Having deſcribed a Circle, draw a Dta- 
meter, whichdivide into 14 parts, and on 
111 of thoſe parts ere a perpendicular, 
which extend to the circumference , and 


| 
| 
trom the point of interſeftion, draw 2 | 


line to the extream part of the Diameter, 


- Which line ſhall be the fide of the Square, 


- containing the proportion(or Area) of the 
Circle, 


FSCT. 2; 
To Reduce a Square to a Circle Inſirumentally. 


The fide of the Square (as above) is the | 


2 perfictal 
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perficial content of a Circle equal to the 
ſaid Square , and knowing the ſuperficial 
content, you may find the Diameter. If 
the Diameter be 10, the Superficial con- 
tent upon the line of Numbexs is 78.54 
parts. Divide the diſtance betwixt the gi- 
ven content, and 78.54 into two equal 
parts. The ſame Diſtance the ſame way 
will reach from 10 to the Diameter required. 


3 & % 2.44 
To Reduce a Geometrical Square into a Circle. 


Take any fide of the Square, and Divide 
it into 11 parts, deſcribing a Semicircle to 


= * F v 
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the ſaid Diameter : Then on $ of thoſe 
parts crect a perpendicular, vwhich extend 
to 


: 
J 
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2} to the circumference of the Semicircle. 
Z Then draw a Line from the extream part 
” of the Diameter, interſeQting the perpen- 
dicular in the circumference of the Circle, 
ar.d continue that line till ir touch the ſide 
of the Square ; fo that line will be the Dia- 
meter of a Circle anſwerable to the Square 
glven. 


A _—_ — —— 
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O conclude, (and to get out of this 

Circle) it remains only to ſhew you 

how to meaſure a Circle, and conſequently 

an Oval, a Square, or any other Figure re- 
Uuctble therennto. 

Firſt then for a Superficial or Flat Circle, 
ach as may bea piece of Ground, or Board, 
or Glals perfectly ruurd, or any other Flzr, 
Round Superficies. Take thele Rules. 


SFO 7 73. 


Havino the Diameter, to find the Ct, camſerence, 


Multiply the Diameter by 22, ard Di- 
vide the Produtt by 7, as 28.by 22 is 616. 
Divided by 7 is 88. 


E 3 SECT. 
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OY Of %g% ORD 1 
Having the Circumlerence, tofind the Diameter. 


Multiply by 7, and divide by 22. As 8g 
multiplyed by 7, gives 616 divided oy 22, 
15 28 the Diameter. 


TEES 47 
By the Diameter only to find the Area, 
or Superficial Content. 


Multiply the Diameter by it ſelf, as 23 
by 28, that makes 784. This ProduCt mul. 
tiplycd the ſecond time by 11, 1s 8624 , 
which divide by 14, the Quotient will b: 
G16, avd that 1s the Area of the Circle. 

For a halt Circle, a Quadrant or any ot 
{er portion of a Circle, whoſe Point goct! 
to the Center. Half the Arch multiplyed 
by the Semiditameter, produceth the ſupcr- 
[1c1al Content. 

To mealure the content of the Segment 
of a Circle, Take the chord 12}, and thc 
perpenGicular 4, and multiply the who! 
©: the one by two Thirds of the other, 

| 1t will come very near. 

To find the Superhticial content of a Cir- 

2, you need do no more byt multiply 

't the circumference by helt the Diame- 

As the circumterence being 44, the 


hajt 
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f 


half is 22, the Diameter +4, the halt is 7, 
Multiply 22 by 7, and the exact content 
of the Circle 1s 154- 

To find the whole Diainetcer of a Circle, 
by knowing part thereol; and the length of 
the chord croſlinp the Diameter in that part: 
Suppoſe part of the diameter to be + , tle 
chord interſecting It 12 ', Square one hall of 
the chord 6: multiplyed by it ſelf 15.40, vt- 
vided by 4 the part of the Diameter given, 
reſts 10, which added to the ſaid part, 
ſhews the whole Diameter to be i4, whe- 
ther the Section be of a Circle , or of a 
Globe, 


EC MHATF-Yv: 


()f a Solid Circle, f:ch as are Globce, 
Sphears, Bullets, balls, or ttc like : 19 
find their Solid Contents. 


NPY the diameter of the Circle by 
It ſelf, as 25 by 28, wakes 9%, this 
product multiplycd the {econd time by the 
Clameter 25, makes 21952 , which two 
Multiplications are called cubing of the 
diameter, Then multiply that Cube Num- 
ber by 11, makes 241472, and divide this 

E::4 lait 
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laſt produX by 21, produceth the Solid - 
Content 13499 1 


SST 3-1, 


To fo ad the ſolid Content of a G lobe ano- 
ther way. 


Find firſt the Superficial content of : 
Globe, which to do, If you multiply halt 
the diameter by half thecircumſerence, the 
Product is the Superficial content of a Circlz 
of equal diameter. A$28 multiplyed by 33 
is 2404 : And then if you Multiply the 
content of a Circle having the like diame- 
ter by 4, the Product 1s the Superficial 
content of a Globe, as 616 multiplycd by 
4) produceth likewiſe 246 }. 


Now hereby to find the ſolid Content of a Glybe, 
Multiply the Superficial content by the 


{1xth part of the Diameter, the Product 
a!) be the ſolig content of the Sphere. 


$EC1- 
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* In lite manner knowing the ſolid content of 4 
Globe, to find the ſide of a Cube equal to 
the G!ove. 


* Extract the Cube Root of the lolid cone 
| tentof the Globe, which is done by taking 
the third part of the Logarithme of the ſaid 
\ lid content. And this Cube Root ſhall be 
the lide of a Cube, which in ſolid contents 
ſhall be equal to the Globe given. 


TECH. 4 
Andto find the Superficial Content of the 
Sepment of a Globe ; ſay, If the whole Dta- 
meter 14 give the whole Superficial Con- 
tent 616, what will 4 the part of the Dia- 
meter give, Which you will find 176, and 
lo of any other. 


Ard thus much ſhall ſuffice to have ſpoken 
of a Circle, how it is produced, reduced,, 
and meaſured: 


Having hitherto treated of a Circle and 
Globe, | come now to ſhew you the Produ- 
cing, Reducing, and Meaſuring of theother: 
two principal: Geometrical Figures ,, the 
Square 2nd Triangle, as I have already doe 


E F COn= 
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concerning the Circle. And as the Circle © 
was made u1 of a point, and a crooked or | 
circular line drawn round about it; fo 7 
Sg wes and Triangles are made up of Line 
and Angles ; Squtar es, and right lined Tr:- 
aivles of ſtreig It Lines and Angles, Spiz- 
ic! Trianoles of crooked circular Line: 

| 2 yg Now a ſtreight, or a right 
lincis the neareſt diſtance drawn betwix: 
Liv O Pol! US. 


A | cl ArcOar or ſphzrical Line 15 part ol 


E> FT | 


tic circumference of a Circle bigger or leis. 
Fa, Ain't uit a d pLeriCal Tis mgles 1s (45 
was ſaid h xefore) the diſtance of two Line: 


Mceting in the Angular point , and mca- 
red in the circumference of a Circle at th: 
Titan ce of the Radars, or Semidiameter of 
ae Feld Circle from the ſaid Angular point, 

1 pray obſerve very well. 

No! w every Circle, whether great or lit- 
i! > C th OPEN 360 degrees, every (C- 
preecontalning 62 Minutes, fo that a Sc- 
1: icirclec CO! tain $ 180 degrees, a Quadrai 
or fourth þ ww} of a Circle go degrees. Now 
an Anle be A Qu Jadrant of a "Grele, and 
CONtains GO Uegrces, It Is called a R191: 
gle : if it contains leſs than go degrec+, 
it 15 called an Acute Angie, if more. Chan 
GO « Jeprees, If 1 15 called an Obruſe Angle. T hele 
Angles and Lines doconſtitute all kinds ol 
Geometrical Figures whatſoever, 


T9 
bY | 
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"3 CHAP, VL 
(f 2 SQUAare. 


Here are ſeveral ſorts of four ſided F1- 
gures, as the Long Square, OT Paralle- 
logram, whoſe Angles are al] equal, a Khom- 
bus, and a Rhomboides, whole oppolite l1des 
arc all equal ; and a Trapezium conlilting of 
4 unequal ſides, and 4 unequal Angles : But 
all theſe being reducible to 2 Triangles, or 
to a Geometrical Square , It 1s the Geome- 
trical Square which I ſhall here ſpeak of, 
which conſiſts of 4 equal Streight Sides, and 
4 equal Right Angles. 


Tomate a Geometrical Square whoſe fade (11.41 be 
equal to a Line given, or to any Number of 
equal parts, ſuppoſing . the ſame to be either 
Inches, 1 ards ? Pearcnes , or any other 
Ateaſure. 


fs ſuppole you would make a Square, 

_ whole fide ſhould contain 36 equal parts, 
(which ſuppoſe yards) or whoſe lide ſhould 

be equal to the line Q R, which is the fame. 
Firſt, From your line of equal parts, either 
upon your Scale, or prickt out upon Paper ; 
Taic 
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take with your Compaſſes three of the lar- Xx 

ger diviiions, which ſignifie 30, then ex- X 

tend them further to 6 more of the ſmaller * 
diviſions, which together make 36, and | 

prick out, and draw a line of the ſame |” 
length as AB: Then by the Probl. fol. ©” 

54, «(rect a perpendicular upon the end of - 

the ſame line at B, containing the ſame 
Jength. Then keeping your Compaſſes at 
| the diſtance of QR, or AB, or BC, (all 
! three being equz]) ſet one Foot of your 


deſcribe the Archat D: Alſo the compal- 
{cs reſting at the ſame diſtance, place one 
foot in A, and with the other croſs the 
former prickt Arch inthe point D. Laſtly, 

where 


| co.npuſics in the point C, with the other 
| D; EY 

| b: 

N 

—m_ Co oo oe mo OED” ak P, 
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DF here theſe Arches interſe&t one another, 
EFmake a prick with the point of your com- 


BE 
F 

D 

þ 


*Fpaſles, and from thence draw right lines 
+ rom D to C, and fromD to A, which 
hall include the Geometrical Square , 
- *ABCD. | 
= Now if inſtead of ereCting the perpendi- 
cular BC (as is before direted) you protraCt 
Zan Angle of go degrees, or a right Angle 
at the poiut B, it will eſfe&t the ſame thing, 
and a line drawn at the fame Angle will be 
A true perpendicular. 
 * Now [told you before, there were 3 ſe- 
\ veral ways of protracting an Angle. 
® 1. By Scale and Compaſs, or a line of 
T Chords. 
| 2. By a Protractor properly ſo calted. 
t 3. By aline of Right Sines, and I ſhall 
+ ſhew how to protraCt an Angle of go de- 
'grees at the point B, every one of theſe 
F wales. 


i @ +15 A 


> Firſt, Bya lineof Chords, and note that 
4 you muſt either havea line of Chords,whoſe 
__Radius1s ſhorter than the line AB, or DC, 
,orclie you mult produce theſe lines till they 
: mcet with the Radius. Then with your 
Compalles ſet one foot at the beginning of 
: your line of Chords, and the other extend 


to 
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to 60 (where uſually are braſs Centers i; © 
moſt Scales) and with that extent ſetting! 
one Foot in B, deſcribe an Arch of a Cir. 
cle, cutting the lines AB and CB, and the: 

from the points where this Arch interſc(;| 
the lines AB CB, meaſure with your con: 
palles in the ſame Arch the Chord of 5: 
degrees, which 1s the diſtance from the 

ginning of the line of chords to go degre: | 
or the whole line, and making a prick there, © 
lay your Ruler to the ſaid prick and ti 

point B, drawing a line to the point Þ,. 
and the Angle at B contained betwixt t!: 

gh ABand BC ſhall be a Right A: 
gle, oran Angle of go degrees, which vi: Þ 
the thing required ; and the like is to |: F 
done for any other Angle, of what qui:- | 
tity of degrees ſoever, as 30. 40. 50. 13. | 
degrecs, with their odd Minutes, if tlicrc | 
be any ; But I hope this Example may ict: | 
for all, or inſtead of many,ſo I ſhall menti- | 
on no other 1n this place. | 


SB ET. 2. 


Secondly, By the Protradtor do thus, Pit 

a Pin through the Center hole, fixing it is | 
the point B, then lay the Meridian line 0: | 
the Protractor upon the line AB, and b 
the edge of the Protrattor make a mar* 
agalnſt go degrees, and from that mo 
raw 
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Firaw aline to the point B, and the Angle 
Sjncluded betwixt the two lines 1s an Angle 
T of 90 degrees, as before. Suppole the Se- 
 ®mi-circle BAD, (as 1n pag.65.) were a Pro- 
+ tractor, the Limb thereof divided into de- 
> orces as there it is, the Point C. is the hole 
-at the Center, the Line B D is the Meridian 
F line, and at the Point A you find go de- 
2 grees: Thelike is to be underſtood of any 
I other Number of degrees whatſoever, more 
* or Iels, orany other Protrator whatſoever. 
7 | Lay the Meridian upon AB the line given, 
# the Center upon B, and againſt go degrees, 
\- or the point A 1n the Protractor make a 
* Lk at C, and from C to B draw a Line, 
F and AB, and CB will include an Angle of 
= $0, degrees as required. 


SCH: 4 


© Thirdly, ToProtract an Angle (which 
| ſuppoſe go degrees) by the line of Right 
| Stnes, do thus. Firſt, Set one foot of your 
| Compaſles in the beginning of the line of 

» SINes, and extend theother to the Sine of 
® 30degrees, with thisextent fet one foot of 
3; your Compaſles 1n the Angular point at B, 
 þ and with theother ſtrike an Arch of a Cir- 

cle, cutting the line AB. produced to a ſuf- 

1c1ent diſtance. Then taking 45 degrees 
from Lac beginning of the line of Sines in 
your 
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your Compaſſes , which is half of 90. (9 7 
the half of any other Angle required ; )and ® 
ſetting one foot of your Compaſſes in the 
point of interſeftion. where the Arch cut- 


. teth the Line AB, with the other foot «of 


your Compatiles make a mark in the ſaid Arch, 
and fromthat mark drawa right line to th: 
Angular point B. fo 1s the Angle included - 
double to theviiſtance upon the Arch, vi. ; 
go degrees. And what is here ſaid concer- ; 
ning the protriCting of an Angle of go de- : 
grees, is in all Reſpe&s to be underſtood of 
any other Angle, or any Number of Dc | 
grees wharſvever, whether more or 1:6, }- 
the ſame Rule of working being obſerici Þ 
for one as well as the other. 


And ſo much ſhall ſuffice to have ſpoken i 
to the firſt particular concerning a þ 


Square, to wit, the Producing or Ma: 
king of it. 


CHAP. 
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1: the rext place, I ſhall ſhew you the Re- 
; an, ing cf it or rather, the Reducing 
” of other Figures to it, which take as 
follows, 


© © "0 
To Reduce a Long Square to 4 Geo-+ 
metrical Square. 

E: Hich is nomore but to finda mean 
k. V proportional betwixt the length 
\: and the breadth of the Long Square, for 
-; that ſhall be the length of a ſide of a Geo- 
*> metrical Square equal in content thereunto. 
-- As Suppole the length of the long Square 
* tobe 64, and the breadth 16, between 
* which two the mean proportional is 32 ; 
© lo that a Geometrical Square, whoſe ſides 
 arez2, will be equal to this long. Square. 
Now to find a mean proporti6nal by Com- 
> mon Arithmetick, or Aruhmetically, is taught 

betore by Logarithmes, ( page 33.) By 
the Lines of Numbers, Sines, and Tan- 
| gents, (page 43.) By ProtraCtion, ( page 
| 60.) where you have the variety of 
doing 
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doing it all theſe ſeveral ways, to whi.: | 
refer you. | £ 


© gy 
To Reduce a Rbombus or Rhomboides 9 ; 
Geometrical SqUATE, 


From one of the Obtuſe Angles let #::9 
a perpendicular, and a mean proportic:: # 
between the perpendicular and the 1.3 
whereon it falls is the fide of a Squz!® 
equal to the ſame. ; 


#7 gh, SER. Þ x 
To Reduce a Triangle to a Geometrical Squs' | 


Is to find a mean proportional betwe:- | 
half the Baſe and the Perpendicular, whi: | 
ſhall be the ſide of a Square equal to t:| 
Triangle: As ſuppoſe the Baſe 52, ha! 
whereof is 36; and ſuppoſe the perpen(- 
cular be 25, the mean proportional will. 
20. Ando any other irregular Poly 0: 
(or many-fided Figure ) may be reduced i: 


to aSquare, If firſt yout Reduce the ſam! 
into Triangles. 


Ard thus much for * Producing and Re.!:- 
(1110 a (Teometrical Square : Ne W702 
the laſt place, To Meaſure it. 

CHAP. 


1 $0OK 1I. Of Geometry. 


CHAP, VAIL 


"RIM 
6 


| & he laſt thing that remains to be ſpoke to 
abut a Square, is the Meaſuring of it 3 
of which / come now to Entreat. 


SECT: 
To Meaſure the Square. 


S- \ Tag is rery caſic and ſhort, Mul- 
F tiply one of the ſides init ſelf, or 
2 by it ſelf, and the Produdt is the Superficial 
= Content or Area: As 6 by 6 produceth 36, 


SSR 


3-1 


4 SE Ch, :& 

© But beſides this Superficial , or Flat Square , 

” there x5 alſo a Solid Square ; ſach is a Cube, 

| whenthe Top azd the Bottom as well as the 
4 ſides are all Squares in faſhion of a Dye. 

Now to Meaſure this. 


Firſt, Multiply the length by the breadth, 
| that pives:- the Superficial Content, and 
that Superficial Content multiplyed again 
| by the Depth, gives the Solid Content in 
| Cube Inches, 


CHAP. 
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CHAP. IX. 
Of a Triangle. 


Aving ſpoken to the two former Gez- 
metrical Figures, the Circle and tr 
Square. In the third and laft place 1 come} 
| now to ſpeak of a Triangle, which is th| 
moſt admirable of all the Three; The Pro 
ducing of which, the Reducing whereunto, 
and the Meaſuring whereof is the Sum 3:0 
Subſtance of all the Mathematicks | 
For heredy we meaſure both Sea and 
Land, all Regular, and all irregular Bo- 
dies; the very Heavens themſelves, and a) 
the Heavenly Bodies : All Real and [maz2: 
nary Magnitudes, Heights and Diſtances, 
whether acceſſible , or inacceſſible, as in tit 
following part of this Diſcourſe you ma; 
beſt diſcern, when we come to particula: 
Application of a Triangle, to Survey; 
Navigation and Aſtronomy. 
| Trianvles are of Two Sorts : Either 
1. Plain: Or, 2. Sphzrical, each conlil:- 
ing of three Sides 3nd three Angles, which 
together make ſix ſeveral Parts : Any three 
| of which Parts being given, any, or ode 


4 
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e other three may be fonnd out by the 
den Rule, or Rule of Proportion. 
F for Sphzrical Triangles, they properly 
long to Aſtronomy, and the Reſolution 
F Aſtronomical Queſtions therefore l ſhall 
ak them by in this place, and refer the 


RM cader till I come to ſpeak of Aſtronomy, 
8:4 hall then ſhew you the Reſolution of 
\|hcm; and how thoſe Queſtions abont which 
hey are converſant, may be reſfoly'd In- 
| cumentally, with far more caie, more plea- 
-FFure, and more plainneſs. At preſent I ſhall 
. [peak only to Plain or Right Lined Trian- 
,14'c which are ſufficient for Surveying and 
{[Vacigation, for taking Heights and Diſtan- 
tes both by Sea and Land. 
1Þ . Now of theſe, If any one of the Angles 
. be a Right Angle, or go Degrees, It is 
| Failed a Right Angled Plain Triangle. If 
. ny of the Arigles be an Obtuſe Angle, or 
3n0re than go Degrees, It is called an Obtnſe 
- [Pgled Pluin Triangle. If all the Angles be 
 [-cuteleſk than go Degrees (which they mult 
* {© 11 they be neither of the former,) then it * 
,Þ* called an Acxte Angled Plain Triangle. 
Fd ox theſe in my former Method as fol- 
" F-9OwWerth, | 
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1. FN the firſt alics I ſhall therefor: # 
ſhew you, How to Produce, pro fl b 
tracts or Frame a Triangle. 4 
. I ſhall ſhew you how all other Figure: | 
wha Regular or Irregular may be Re | 
duced to one 1 riangle, or however to mz: 1 
ny, and ſo meaſired by its Rules, 
3. How to Meaſure a Triangle, or to 
find the Contents either of a Superficial ot | 
of a Solid Triangle. And likewiſe by 
of the ſix parts given, (viz. Sides and Is 
ples.) To find the reſt, which is proper]; 
Called the Reſolution of a Triangle, or 
Trigonometry. | 


I 
; 
| 
| 
; 


Firſt then, To Produce, ProtraCQt, La! / 
down, or Frame a Triangle,is no more bu! 

. the protraCting or laying down of Lic 
and Angles. The Lines or Sides arc laid 
down from a Line of Lines, or equal Parts; 
and the Angles are protratted rags Line 
of Chords, or by a Line of Sines, or a Pro- 
tractor, as you ſee 15 taught in the makin: 
of a Square, pag. 533 84, 85, &c. But he- 
cauſe thereis only mention made of a Riz: - 
Angle, (a Square admitting no other) I ſ1al! 
here 
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re give you Examples of other Angles al- 

W Now you muſt know that every Acute- 
led Triangle, whoſe Angles are all A- 
ac, doth contain 180 degrees, all the An- 
[&: added together ; A Right Angled Tri- 
\aggle, belides the Right Angle, whichis al- 
" Wics 90 degrees, contains other go in the 
#0 other Angles ; the one whereof is al- 
Mics thecomplement of the other to 90 
'@&2rces more, being in the whole 150 de- 
' Fees, or a Semicircle exattly. An Obtuſe 


"7 
<3 


f 
K 


SF g1cd Triangle, by how much the more 


p 
0 


tc Obtule Angle is more than go, by ſo 


. Toe 
% Fo 
_— 
bo 


' {Dich the other two are leſs than go : All 
' {Wree together notwithſtanding making ex- 


"{&t!y 130 deprees as the former. 
'Þ 50 that the Three Angles of every Tr1- 
'{@'gle are equal to two Right Angles, or 
2452 degrees, whether it be an Acute, Ob- 
Qiic, or Right Angled Triangle. 
4 5s the Anglesare thus diſtinguiſhed into 
W11t, Obtuſe and Acute, ſo alſo arc the 
" Fpac5 of a Right Angled Triangle (which 
; #F ot molt uſe and excellency) diſtingui- 
* Wc into theſe three, The Bale, the Per- 
' Feidicular, and the Hypothenuſe. (In 
Otter Triangles, either Obtuſe, or Acute, 
Ui. / are Called the Hyputhenuſe,--and the 2 
+ {eett.) Orogthers divide them into the 
ÞVteudin; lide, which is the fide oppoſite 
bv 41:y ALI) and the two containing fides 
which 
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which are the ſides next on either fide ti 
ſaid Angle. 

In a Right Angled Triangle, the typ 
thenuſe 1s alwales the ſide oppoſite tot! 
Right Angle, the Baſe is uſually account:% C 
the longer of the other two, and the pe; 
pendicular the ſhorter, including the Rig? 
Angle betwixt them. # 

Now to makea Triangle, whoſe Baſe i 
400 Inches, feet, or yards, and perper. F 
cular 231, and Hypothenuſe 462; t'# 
Right Angle go degrees, the Angle at th 
Baſe 30 degrees, and conſequently the othe? 
Anyle at the top of the perpendicular 6% 
degrees, being the complement of the oth? 
Angle at the Baſe to go degrees. Tat? 
this following Example, 5 

Firſt, Draw a line at pleaſure A B, a3 
with your Compaſſes take 4 of the lar:!” q 
equal parts from your Scaleor Line of equ 
parts, and mark that diſtance upon the 1. 
Line AB, ſignifying 400, then upon 1! 
Point B raiſe a Perpendicular or protri? 
an Angle of go degrees (which is all 0i:? 
as 1s taught page 80. either by a Line © 1 
Chords, a Line of Sives, or Protractc' 
Then with your Compaſſes take 231 fro” 
the Line ot equal Parts for the length" 
the perpendicular ; and ſetting one Fooch 
the Angle at B, make a mark with the oth® 
for the length of the perpendicular : 1 he 

nou 
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upon the Angle A, at the Paſe protract an 
Angle of 30 degrees on this manner. 


ET &:C-$: r. 


Firſt, by a Line of Chords, ſet ore Sion | 


4 Wo Compaſſes at the beginning of t! 


Line, andextend the other to 69 Degrees 
E for the Radius: Then with this extent fer- 
$ ting one foot inthe point A, deſcribe the 

Arch DE, cutting the Bale in E, and then 
ſetting one foot of your Compaſlles 2pain 1n 
the beginning of the Line of Chords; ex- 
tend the other to 30 degrees, (that being 
$ the number of degrees the Angle 1s to con- 
f tain) and ſetting one foot of the Compaſles 


A {In the point E, where the Arch does inter- 


2 {ect the Baſe; with this extent of 30 de- 
WV zrces make a mark, then laying, your Ruler 
to the ſaid mark, and the Angular poit.t A, 
,F6raw a lineat length, or till it mcet with 


” 106 [erpendicular, ſo ſhall the Angle at the 


Bale contain 3o degrees, and the other ar 
the Perpendicular eo, being the comple- 


Wwent to go deprees. 


a 


— 


Now by the Line of Sincs to protradt tle 
fi Angle of 30 degrees. Firſt, take in 
g your Compaſſes 30 de: zrecs of the line of 

b 


{t5; CY 


Py 
n « 2 - = " '® 
i 
Ione ow ore. op ran TA = 
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ſines, and at that diſtance draw the Arch, ® 
and at the diſtance of 15 degrees (whichis 3 
half of 30 the Angle required,) draw the | 
Hypothenuſal, ſo ſhall it be an Angle of ® 
30 degrees. | "2 


JECT. $3; 

And laſtly, To protraCt this Angle of 3 
39 degrees by the Protractor , do thus : # 
Prick the Pin through the Center hole in ? 
the point A, and lay the Meridian lire vp: 
or the Bale AB, and making a mark by ihe 2 
edge of the Protrattor againſt 30 degrecs, by © 
the ſame mark, and the point A, draw the © 
Hypothenuſal AC. 


5 { *s. £ % E < 
4 - 4 | d - 
"WA 1,67 : 
NY 


SO that by any of theſe three ways yo! | 
may protract.an Angle, and any other All | 
pie as well a5 thisin the Example ; obſerv 
12g the fame Rules, which together wit" | 
tlie 


\ LI EILLEES 
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the ſides protrafted from a line of cqual 
parts, makes up the compleat Triangle, 
2 ABC; and by conſequence any other Tr1- 
"8 angle whatſoever : Only in anobtuſe An- 
'# gle, wherg It Is more than go degrecs, as 
F !ppoſe 145, yon mult firſt prick out yo 
3 degrees,and from thence the remainder that 
bY is ye degrees more, which together male 
s : And the ſame Rule 1s to be obſerved 
_ for odd Minutes, as is here given for de- 
2 crecs all along. 

SE C-1. 4: 


3 Three Lines being given, [2 that the two ſhort- 
* eſtrogetherbe longer than the Third, to make 
thereef a Trianele, 

G 

_ 


pl_ - * 


=rE — — 
ES ro TO. 1 
Ch — _ ——-þ 


AS Juppoſe th C e-1. pe giver [)e A, D) Cy 


Firſt drayy the lir e DF to the lice B, 
Lhe take with your Gon paſſes the line C, 


E 2 2nd 
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and ſetting one foot in E, with the other © 
ceſcribe the Arch HG : Alſo taking the gj- * 
ven line A in your Compaſſes, and placing | 

ne foot in D, with the other deſcribe the * 
Arch HF, cutting the former Agh HG in 
the point H. Laſtly, if from the point H | 
you draw the Iines H E and HD, you ſhal! * 
conſtitute the Triangle HDE, whoſe ſides © 
ſhall be cqual to the three given lines, ABC. | 


S KC ©. 
To make a Triangleto contain 910 equal parts, | 
(/uppoſe Perches) whoſe Baſe ſhall be 5o « | 
rhe ſame equal parts, be they what they will. | 


Double the number of Perches or equal 
Parts 910, and they make 1820 ; divide this 


— ]_-— 
- 


—_—_ __— 


c r D 
365 
_ B 


by the Paſe 50, the Quotient will be thc 
120th of the perpendicular of the Frian- 


| 
{405 


| + 


BR 
4 
<< (RF 
4 
I 


S aid draw theline CD parallel to AB : Then 
L ſrom an! i POINT 101 the lineC D (as from E) 


bat Lv : F 20 p : Ya; ib; 
ME At ere Re EG a is 67, Pi 


BOOK If, Of Geometry. IC1 
ple, tO wit, 36+. Then from any Scale of 


23) parts lay down AB the Baſe 50, tnen 
yon Þ raiſe the FITPe dicular BD. 36 


v; the lines EA and EB, including the 
Irianzle EAB, which . ſhall contat; 910 
equal parts as required. And the like, It 
you would make a Triangle to contaln any 
other number of Perches or equal Parts, the 
Ric 1s the fame mutt miutanals. 


S684 


To mate a Right Angie readily. 


Take aLiie for the Hy OLAcR vſal, and 
\al Sy then taxQ 


Tn : 
CivVice 1t into hs Cc! 


| 


three of thoſe equal parts for the Baſe, and 
four for the Perpendicular, and joyn theſe 


E2 toOge- 


' topethier - Or, draw a Semicircle, as ABCD | 


IC2 Of Geometry. BOOK IT. 


41on the Center E, (D A the Diameter) | 
and from 5 draw a line to the Circumfe- | 


2 W lin csa to D,ſo have you made a right 
Pons fo as ABD, or ACD. 


SE C1: % 


lo Divide a Tr zangle into any propyr- 
tron whatſoever. 


By the Fifth Geometrical Problem, (p. 5d.) 
Divide the Baſe of the faid Triangle it 
proportion, as 20 1S to Zo, as there it i; 
Gone, and from the point of Divilion. at G 
draw a line to the oppolite Angle at E, fo 
1s the Triangle 1t ſelf divided in the ſawe 
Proportion; for as the line C 20 is to thc 
I:;ne 1) 3c, fo 1s the Triangle EAG to the 
iriangle EBG. 


To a9 this Arit fmetically. 


 DuPPote tf . 0Ie Triar Uh tO CONnt L 


F 
> Acres, and it It be require: | to Divide tc 
Lane i to 2 parts by a line drawn from the 
1vle A,the ore part tocontain 5 Acres1th . 


other three. Firſt meaſure the whole leny 

of the Baſe, which ſuppoſe 40, then lay 
by the Rule of Proportion. It eight Acre: 
( Ui! 


BOOK II. Of Geometry. 103 


(the Quantity of the whole Triangle) give 
45 (the whole Baſe) what parts of the 


Paſe ſhall five Acres give? Multiply and 
, =” Divide, the Quotient will be 25 for the 
 * greater Segment , which being deducted 
7 fromgo( (the whole Baſe) there will remain 
15 for the leſſer Segment, then draw a line 

irom the oppolite Angle, which ſhall D1- 
vice the Triangle according to the pro- 
portion required. 


CHAP. XI. 


Hus much ſhall ſuffice for producing, 
and framing a Trianzle, and allo for 
dividing the ſame : In the next place accor- 
ding tomy former Method, to ſhew how 
other Figures may be Reduced to Trian- 
t 4 eles : 


IC-4 ()f (reozr try BOOK Il. 


ples: And herein appears the excellency of | 
a T1 angle apa the reſt, that all Geome- | 
cal S, whether Regular or Irrep- 
| Cy Whit a Car be reauced to netther of the 
if tormer, that 1S, neither to a Circle, nor 2 
{1 :quar 1:y yet be infallibly rednced toa 
{|  1145cle, or however a certain Number 0 t 
x les. Leyourn 11 his et Book of 
{+ complear Surveyor contali.ing Gcome- 
1 "1141 Priblems, ſhews Probl. 3o. 31. 32.33. 
to Reducea Tr: 1ezaums, Or ally Ire” 
WM !: Pior of 5, 6,7, or $ ſides into a fin j 
{114,70 Which Lavridee in this manner. 


To Rediice a Trapezium into 4 Triang le 
COMt annumng 4. unequal ſides, 


Extend the line DC, and draw the D11- 
£9141 B. D Then from the Point A draw 


(v 


the 11ne;AE-y1 rar allel to BD, extending It 
Li. 1; & 4 i Tic UC CD In Li1C Pont E; La {ty 
F ro 
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From B draw the line BE , conſtituting 
| Wthe Triangle EBC, which ſhall be equal to 
| the Trapezium, ABCD. 


How to Reguce an Irregular Plot of 5-06 
. Sides into a Trianele. 


ot © AUCDE FG. Firſt Reduce this [ Sure 
UEeSlntoa Figure of 5 tides, ke} 7 
me quan tity, ABKLG on this 1 

* the ling C BD, and rs tle cl the reut 100 


© 


;Þ - and C D are 4 Habra red Powe 
lt Craw the line GE,ard parallel} nere 
uito Apes nen tk you draw the line G = 

= Lic 


4 
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the two ſides, GF and FE ſhall thereby be 
red1ced to one ſtraight line, viz. GL, and 


the whole Plot to a Figure of five lides 
ABKLG. 


_—__ ——_—"-” 
SL IIFE © NES 7 & 
0 OT 

Ly hy [SIT dS ——_— 


> nc 


INT.w to Reduce this to 1 Triangle. 


:, Produce the fide DE on both ſide: 
at plcature, then draw the lines AK and 
Al, and jaraltel to them the lines BH and 
OM, cutting the Une DE, being extended 
in H and M. L allty, It you draw the lines 
Ath A M, you ſhall conſtitute a Triangle 

\HM equal to the Irregular Plot ABCD 


\.nd having ſhewn you to Reduce theic 
Finures irt0 alinele Trianzle, 1 ſhall allo 
ſew you wow. to Reduce the hke FLgures 


13to ſeveral Triangles, which being fevec- 

rally nicalured and added together, give 

the Content of the whole Plot or Figure. 
Now tor the doinz hereof obſerve this | 


{ener | Rii:le, That the Number of 1 ra! 


pics Contained 1n any Figure or Plot, wi! 
i aw ales two te: ak or not ſo many by 
T'wo as the number of Angles, or S! tes 


Whict The tat \ | 12ureor Plot doth contain. 

AS any Square or I rapeztum which con 
L155 4 Angles, and 4 Siies may be ecalily rc- 
S | duced to 2 Iriangles drawn trom COrnE cr 
Lo Corner, fo likewile a PJot ot 5. 6. 7 


Ce: 


BROOK IT. Of Geometry. ” 
$ (ides may be caſily reduced to 3.4. 5. 0 


6 Triangles, as will appear upon vraftice, 
and needs no Example. Now thele Trian- 


gles meaſured particalarly , and then the 
whole added together, gives the content 
of any Irregular Plot or Figure whatſo- 
cver. ; 


* 


CH AP: Al 


Herefore in the third place to ſhew you 

How to meaſure a Triangle, and by 
conſequence any other Plot or Figure, take 
tits Rule, that halt the per pendicular and 
the whole Bale, or half the Baſe, and the 
* wholeperp aura multiplyed the one by 
tie other, gives the Area or Superficial 
Content of fel 1d Triangle. 


= = a ent > 


Now the perpendicular of a Triangle ts 
a P.univ) line let tall from any Angle upon 
IES 0999016 ie {} UC, V, ICE il WC a the Baſe: 
3 I 101 L090 ict { al] t 113 DEL]E!H ici: IT from 
| any 2 ngleo »r Point yOu have Probl. 3: PAB> 
55- 20 which Ire efer y )Us . 

Now for an E quila itcral Triangle, or a 
Iriaugle having three eq al lides, oblerve 
this 
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this Rule : That the power of the ſide is 


to the power of the | erpendicular let fall 
from any of the Angles to the ſubtendent 
ſide In P! PIETION ſelquitertia, or as 4 to 3, 
or | of the other. Note the Power of a 
Line-is the Square thereof. 


SECT; 3. 


Any three ſides of any Triangle bein? 
known, to find the Perpendicular: The 
ercatelt tide being aſſigned for the Baſe, 
1; 00 which the perpendicular ſhall be ſup- 
poted to tall: Firit tind the Sum of the other 
Liv'o | ies, (which rnole 13and 11.) Then 
ovferve the cifference betwixt theſe two 


" ie 


Mes, which is 2 that done, ſuppoſe the 


whole Bate to be 20: Say by the Rule of 


Proportion, AS the whole Baſe 2015 to the 
Sum of the other two fides added toge- 
ther, viz. 24, to 15-the difference of the 


Other two {ides, viz. 2. to a fourth num- 


ber 22, which being 3edutted out of the 


Þ ſe, the perpendicular will fall in the mid- 
Ul: of that which remains, 2-% dedued 
trom20, reſtS$17, , thc half whereof 15 
0d, :A2 live drawn from that point from 
the Pay 10 The oppo:ite Angle 1s the truc 
'ETPELIG f Triangle; 
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Another way to find the Perpendicular of 
an Equilateral Triangle. 


Multiply one of the ſides by 13, and di- 
Ex idcthe Produtt by 15, the Gong iS 
$ the perpendicular, fates Brown 1n his Trian 

1 4 Quadrant. 


CH AP. AHL 


Hus much for meaſvring a Superficial 
: Triangle, now aſolid Triangle is that 
z Fi2ure,orSolidRegular Platonick body ,Cal- 
'Zleda Terrahedron, contained under ., equal 
and Equilateral Triangles, or a Iriangular 
: Pyramid : The ſolid content wh hereof is 
[7 1ound by Multiplying the Area or Superfict- 
W al { Content of the Baſe by one third part of 
F ti! length of the Pyramid or Tetrehedron 
F from the mid{t of one plain to the Apex or 
& lopof the Solid Angle oppolite thereunto. 
PZ Note that this Triangular Pyramid 1s 
{2 /ittle more than + of a Cube of equal Baſe 
g 2nd Altitude : A Cylinder 1s '! of a Cube 
# of equal Baſe and Altitude. 

 AGlobe 1s '-! of a Cube, er. of a_Cy- 
2 cer, whoſe lides and diameters arc equal. 


LL 
H,y 
4 4 # 
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How to Meaſure the Solid Content of an 
Boay, bow zrregular ſoever it be, Ti; ; 
Form and Faſl1o not regarded, > 
To perform this, you muſt prepare :| 

hollow Cube, into which put your Irregu-2 

lar Body, which being placed therein, you 
ſhall pour in {ſo much Water, till it no mor: |* 

than juſt cover the Body in the Cube, then }Þ 

make a wark in the inſide of the Cube w her: 3 

the Superhcies of the Water toucheth. This | 

donetake but the irregular Body, and mark | 
again directly under the former, wherethe | 

Brim of the Water now touches ; for th: |} 

diſtance o! thele two marks multiplyed b; | 

the Square ot the Cubes fide, produceth tli: | 

Craſſitude of that Irregular Body. Fu | 

Example. 


OOK IT. Of Geometry: Ill 
TJ 5uppoſe A to be the Cubical Hollow 
cel, whoſe inward 
Fide ſuppoſe to be 20 1n- 
US hes, B the irregular 
E2Body, whoſe Solid Con- 


FFent is required. Firlt | 


Foouring in water till it 
Bbe covered, admit the 
Jtop of the water to 400 
reach to CC: Then tak- 
F ing out the irregular 
4 Body again, admit the 
# Superſicies of the Water fall to D, then mea- 
2 ſure the diſtance betwixt C and D, ſuppoſe 
3 91:ches, which Multiplyed into 400, the 
4 Square of the Cubes fide produceth 3600 3 
5 anc 10 many Cydical Inches are contained 
Z inthelrregular Body B. By this you may 
 Mcalureaiy Part or Portion of a Solid Body. 


| 


3500 Inches, 


Now having ipoken of a Solid Circle, 
iz. a Globe, and of a Solid Square, viz. a 
Cuve: And now of a Solid Triangle, viz. 
a [etr.49e4ron. Theſe two laſt being twoof 
Licitve Platonick Bodies, I ſhall add the 
OUner-three. 


An Otaedron is contained under eight 
equal and cquilateral Triangles. 
AN 
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In Icoſaedron 1s contained under 20 equal , 
16 equilateral Triangles. | 
" Dedecaedron is contained under 12 equ:! 
Eq 11lateral and Equiangular Pentagons. '® 
A Polygon is any Figure of many fides, | 
and a Reyuuar Polygonis one whoſe lides art b 
all equal. Now to meaſure any Regular 3 
Polygon. Thediſtance from the SN on J 
the middle of one lide, and the half Sum } 
the meaſure of. all the lides moltiplyed to to- 
gether, ſhall be the true Area or Content 
thereof. To meaſure any Irregular Po!y7on, 12 
ſce pag, 105, by Reducing it to a Trianpl:. 


If the Area or Content be 100, then the 
ſides of theſe Regular Figures are 


as follows. 


An Equilatetal Triangle, S 11s perpendicular 1. 
e its tide : 


A Square? 1ts fide. 
A Pentagon, which 1s a Figure of « ſides. 
An Hexagon of 6 fides. irs tide 

An Heptapon of 5 tides, its fide, 

An Octagon of 8 fides, its tide. 

A Nonapon of $ tides, 

\ Decagon of 1c ſides. ; 6 

The Semidiameter or Radius of 4 Circlc 


A Cone differs from a Pyramid, becauts 
a Cone hath alwaics a round Baie anc $:- 
perficies like a WEAr-041 But a Pyramid 
hath an Anguar Baſe and Superficics of ©- 


1 
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»ral ſides : The way to meaſure both as to 
Fc Solid Content. Firſt, find the Super- 
* (cial content of the Baſe, and Multiply 
Fic ame by. the third part of a perpendi- 
C Liar from the ſharp end to the Bale. Ard 
2c cording to .theſe Proportions betore- 
\F@:cntioned is any other Quantity or con- 
WF::t tobe fourd out : As ſuppoſe I would 
JW. 2c 2 Triangle to contain 2 00,, what muſt 
'} 2 tides be? The half diſtance in the line 
Sf 21mbers betwixt 100 and 200 will reach 
Wrom 15.2 to 21.5 for its fide, and from 
J's 123 the perpendicular of a Triangle, 
Ew hoſe Arca on 100; the lame extent will 
wrexch to 18.6 the perpendicular of an 
SE; oiled Triangle, whoſe Arca 1s 2CC,Cc. 


JE > 2 PRE. 


The three ſides of a rioht-lin*d Triangle be- 
ing given, to find the Superficial Content. 


\cq the three {ides together , (as 20. 
(3 [1.) which make 44, the half of 
C11. 1S 22; from Which half Sum tub- 
act cach fide everally to. the end you 
21Mzy have the difference betwixt that half 
| 8 'm andeach fide, which will be 2. g. 11. 
FThet add the Logarithmes of the faid 
| alt Sumand of thoſe differences together, 
| 31d laſtly, Divide the Sum of all thoſe Lo- 
earithmes 


Ee ne Ceres LI a 


The half Sum 292 24 
& 0. JS 10) 
The Differences? ; * 


II. 1.0413; 


SE 

OE gs ana a 

| The Sum of the Logarithmes = $3.6390\ 
| e Area or C 


ontent req. 66. 1.8195., 


QF 


GAUGING 


ALL SORTS OF 


- 
. , 2 7 Y TS 


Auging of Veſſels is no more but 
Meaſuring of Solids. Theſe 
Solids are to be Reduced to 

Pr ſome Regular Geometrical Fi- 

Fre (as is taught before when we treated 

Þ! i Meaſuring of Solids in General) eſpect- 

S7 to one of theſe Three. 


. The Solid Square or Cube. 


: N . The Solid T riangle, or any Irregular 
3 oor 
7 3. TheSolid Circle or Cilender. 


Te © 


I16 Of Crangine., | BOOK |], 


i.:To Meaſure a Solid Sg! or any 
Veſſcl in the form of "es 


The Rule 1s tis 


Multiply the Length by tie Breadtl, Þ 
and that Product by the Depth {in Inches] 
and that gives the contents In Square Inches, 


Now to bring theſe Inches into Ale, Wine, 
or Corn Gallons, 


Obſerve this Rule once for all, That 
formerly the Ale Gallon was accounted to 
contain 283! Cube Inches. But by the care 
and pains of Mr. Nichotzs G unton, the jull 
quantity of the Quart for Ale remaining in 
the hands of the Chamberlains of His Ma- | 
jeſties Exchequer appears to be 50; Square 
Inches, which makes the Gallon 282 , a5 
{ome have of late found to their no ſinal| 
colt. And 1 amof opinion (faith Mayne; 
that if the Wine Gallon were carefully cx- 
amined, (and fo alſo the Corn Gallon ) they 
would prove to contain leſs than they are 
commonly holden to do. 

2ut to proceed, for Ale divide the Pro- 

duct in Square Inches by 282 ; for Wire 
by 231, and for Corn by 272;, and the 
Quotient of each is the Gallons ; and it 
| ally 
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zny Fractions remain to Reduce It into 
ints, multiply the Numerator by 8, (ſup- 
oe -** be the Fraction) that is 128 by 
8 and Divide the ProduCt by the old De- 
nominator 282, the Quotient ſhews the 
Pints. Thus much for meaſuring the Square 
or Cubical Veſſel, you may allo find pag. 
$9, 90. what other figures may be reduced 
tothis, as a Long Square, a Rhombus, or 
Rhomboides, a Triangle, a Circle, with 
Its Segments, &c. 


2. Now in the ſecond place to Meaſure a 
Solid Triangle, or any«Veſſel of a 


Triangular Form. 


The Rule 1s, 

Multiply the perpendicular by half the 
Baſe, or the whole Baſe by half the per- 
pendicular, and divide the Product by 282, 
the Quotient vill be the Ale Gallons con- 
tained in one Inch of Depth upon that 
Triangle, If the Veſſel be of an Irregular 
Form, Divide it into ſeveral Triangles, 
and let fall perpendiculars in each, and fo 
ind their ſeveral Areas and Contents, and 
then add them together : So have you the 
Content or Area of the whole Figure, be it 
never ſo Irregular, 


$i 
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3. 4 the third place to ws any Veſſel 
which is of a Circular or Cylindricd | 
Form ; That is to ſay, Either Cylinder; if 

Or, To be Reduced to Cylinders. | 


| 
| The Rule is this, 
| Multiply half the Diameter by half the 
| Circumference, gives the Area or Superh- 
| cial Content of the Baſe or Bottoms, and 
[ then Multiply that Produd by the Depth, 
| gives the Solid Content in Inches, which 
Square Inches you may bring into Gallons, 
and Pints, as before is taught. 


| 1 To find the Diameter of any Circle by the 
Circumference. 


Multiply the Circumference by 7, and 
Divide the ProduCt by 2 2. 


Te find the Circumference by the Diameter. 


pn Dena 
— —— — —  — - R 


Multiply the Diameter by 22, and Di- 
vide the Produtt by 7. 


To find the Area or Superficial Content of 4 
Circle by the Diameter, 


Square the Diameter, that is, Multiply 
it by it ſelf, then Multiply the Produt 


by 
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\y 11, and divide by 14 J the Quotient 
Wires the Area or Supe: 1cial Content : 
"Or as 14 is to 11, ſois tie Square of the 
Jiameter to the Area, or at leaſt the near- 
"K{: approximation to it for Common Pra- 
ice, or which comes infinitely near the 
ruth. As Unity 1s to 3-14159, fois the , 
$quare of the Semidiameter to the Area in 
Square Inches. Or, 


T ake this ſhort Rule to find the Ale or Wine 
Gallons in any Circle by the Diameter, 
and one Inch in depth, 


Square the Diameter, (that is, Multi- | 
ply it by it ſelf,) and divide that Square | 
or Product by 359 for Ale Gallons, or by 
294 for Wine Gallons ; and then Multiply 

; | fiat Area or Superficial Content by the | 
Length or Depth of the Veſſel, and that | 
willglve you the Solid Content of the whole 
Velle] in Gallons. 

Thus far we have ſippoſed the Veſlel to | 
ve meaſured to be perfectly Circular or 
Cylindrical ; and the Top and the Bottom | 
to be both of the ſame Diameter : But if 

| © lop and the Bottom be of different 
Diameters, (or which is the ſame) the 


Head and the B11ng, then you ars to find 
a Mean Diameter, 


Which 
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Which when theVeſſel is a perfeft Cone, an; 
the fides ſtrait. | 


{1 | Firſt, Find the Area of the Baſe or Þot- 

| tom, and multiply that Area by the third 

| . Part of the Altitude, the Product is th: 

Ii ſolidity of the whole Cone. 
| 


If the V efſel be not a whole Cone, but only a 
Part or Fruſtum of a Cone. 


Add the Diameters at Top and Bottom 
together,. and take the half of that Sum 
for the mean Diameter. 


To Meaſure a Veſſel, which is an Irregular 
oi Cylsnaer, (ſuch as a But, Pipe, Hogs 
[oh] head, Barrel, &c.) find the Mean Dia- 
I meter by theſe Rules. 


once the Head Diameter, and Divide their 
Sum by 3, the Quotient take for your 
mean Diameter. 

2, More exaCtly, To the doubled Square 
of the Bung Diameter, add the Square of the 
\ if head Diameter, and that Sum Multiply by 
18 the Cask length, the laſt Produtt Divide by 
Y if 1077, the Quotient is the Ale Gallons; or 


by 882 Quotes the Wine Gallons contained 
1n that Cask. +." By 


| 1. Add double the Bung Diameter to 
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3. By Mr. Oughtred's way of Aeaſur:i; 
the Fruſium of a Spherotd. 


Firſt, take the Diameter at the Bunge, 
and find the Area of the Circle anſwerable 


'Þ thercunto, and take two-thirds of that 


Area. Secondly, Take the Diameter at 
the Head, and find the Arca of that Circle, 
and take one third of that Area ; add theſe 
two Sums together,and multiply the whole 
by the length of the Veſlel, the Product 
eives the content, of the whole Vellel in 
C bique Inches, which divided by 282 for 
Ale, or 231 for Wine, elves the Gallons. 


lo Meaſure a Veſſel, which is an Irregular 
Cylinacr, ſuch as a but , Pipe, Hogs- 
head, Barrel, orthe like. 


Take the Diameter at the Bung, which 
ſuppoſe 23 Inches, and then take the Dia- 
meterat the Head, which ſuppoic tobe 20, 
the difference is 3 : Now (in reſpeCt to the 

encting of the Staves in proportion, as 7 
tO 10) Multiply this difference 3 by 7 
makes 21, and divide the Produtt by 10, 
_ maxes 2/,, which :dded to the lefſer Dia- 
Meter 20, makes 22 * for the Mean Dia- 
meter: Half of this Mean Diameter multi- 
piyed by half of its proporiional Circim- 

(5 [i809 
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ference, gives the Arca or Superficial Con- 
tent, and that multiplyed by the Length of 
the Veſſel, gives its Solid Content in In- 
ches, and thoſe Inches reduced to Gallons 
by dividing by 282 for Ale, and 221 for 
Wine, prout ſupra, 


To find a Mean Diameter by Gunters Line 
of Numbers. 


Extend the Compaſles from the Gauge 
Point to the mean diameter, the ſame Ex- 
rent (twice repeated) will reach from the 
Length of the Cask, to the whole Con- 
tent of the Veſlel. This Gauge Point 1s at 
17.2 for Ale, almoſt 19 for Wine. 

Mr. Mayne (1n his little Book, called 
his Prattical .Gauger, which I recommend 
as the plaineſt, and eaſieſt, and ſhorteſt 1 
ever met with,) beſides very good Rules for 
Gauging all ſorts of Veſſels, and the uſe of 
the Gauging Rule, which is very well done. 
He hath (belides theſe) 4 very uſeful Ta- 
bles, which I ſhall here mention, but refer 
the Reader to the Book it ſelf. 

1, The Firſt is a Table of Areas of Cir- 
cles in Ale Gallons and Milleſimal Parts ; 
to every Quarter of an Inch, from 10 to 
144 Inches Diameter. This is to find the 


Contents of the Fruſtum of a Spheroid in 
Ale Gallons, pas. 29. 


2. A Table 
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A Table of one Thirds of Area's of Cir- 
cles in Wine Gallons, calculated to every 
Quarter of an Inch, from 10 to 60 Inches 
Diameter, pag. 39. This Table 1s to find 
readily the Contents of a Wine-Hogſhead, 
or Beer-Barrel in Wine Gallons. 
| 2. A Tableof the Contents of Cylinders 
in Ale Gallons, and Centeſimal Parts from 
12 to 60 Inches Diameter, and to 8 In- 
ches in Depth ready caſt up, ſo that you 
have nothing to do but to find the Plain 
Diameter , or the Mean Diameter of any 
Cylindrical Veſlel. 

4. In the Fourth place,A Table of Area's 
of Segments of a Circle: The Radios di- 
vided into 100 parts, calculated to the 
:.\-,-, part of a Square Inch. Hereby you 
may find the Vacuity, Ullage, or Wants in 
a Cask partly full, lying with his Axis pa- 
rallel to the Horizon : The Cask being ta- 
ken as the Fruſtum of a Spheroid : The Ta- 
le and uſe of it follows. 


LO 
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A TABLE of Area's of Segments. 
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The Uſe of this Table is as follows. 


1, It is Requiſite that the Bung and Head 
Diameters, the Cack Length , the whcle 
Content, and the Dry and \Wet Inches be 
all known, and then it the Queition be 


Ihat 1s wantirs , Or Wot 15 Reman 
p 


in the Cash 


Divide accordingly cither the Dry or 
Wet Inches by the Bung Diameter, and 
the Quotient ſcek in the Table under V, or 
Verſed Sine ; azainſt it ſtands a Numer, 
which multiplved by the whole Content 
exhibits the vacuity, if your Dividend were 
thedry Inches; or ſhews the Remaining L1- 
quor,it your Dividend were the wet Inches. 

Suppole the Buns Diameter 20, the Con- 
tent of the Cask 60 Gailons , ard Dry 
Inches 7. 

Divide 7 by 28, by adding two Cyphers, 


72-25 
0.58 
7 


tI 


leek this 25 in the Table, over, againſt it 
you find 1955, which Number multiply 
dy the whole Content 60, fo is the Ullage 
or Wants, 11.730; cutting off the laſt 

(3. 3 4. Figures 
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4 Figures is 11 Gallons, and almoſt } cf 
a Gallon. 


Now if the Queſtion be, What Quantity 6 


Liquor 1s demarang: inthis Caik ? 


Divide the Wet Inches bythe Bung Dia- 
meter, that is 21 the Wet Inches by 29 
thus, 28 | 2100{75, Now againſt 75 in 
the Table you find 8045, which being mul- 
tiplyed by 60 the whole Content of the 
CasK. 


The Remaining Liquor is 48. 2700 
The Wants was 11.7300 


—_— — 


The whole Contents. 60.0000 


Now it after Diviſion there happen a 
Remainder or Fraction, and that be above 
Half the Diviſor , I take the next bigozer 
Number: Orift it be leſs than half the Di- 
vitor, [take the ſame Number which 1s it 

the Vuoticnt. 


The Deſcription and Uſe of the Gaugin; 


Rule. 


ThisR: le 1s commonly 4 Foot long, and 
15 made to double in 4 joints for conveni- 
ent Portage: It hath alſo 4 ſides, on which 
are drawi leveral Lines. r,- T hers 


of 
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1. There are two Lines called Diagonal, 
the one for Ale, the other for Wine Mea- 
ſure 3 Put the end which 1s cut [lope-ways 
in at the Bung-hole, and let 1t touch the 
bottom of the Head ; and the Number at 
the Bung ſhews the Ale or Wine Gallons 
reſpectively : \Fhis will give a very good 
eſtimate of the Content of all Cask in the 
form of a London Beer-Barrel, or the Freach 
Wine Hogſhead. 

2. On another ſide there 1s put a Line 
of Inches from 1 to 48, each Inch decimal- 
ly divided: And allo upon the ſame lide 
you have Oughrred's Gauge Line, it being a 
Line of one Thirds of Arca's of Circles in 
Wine Gallons, by which you may Gauge a 
Cask after this manner, 

Put your Rule down at the Buny per- 
rendicularly, obſerving what Number ap- 
pears juſt even with the inſide of the Cask, 
ſuppoſe it 7 : ſet that down twice, then 
take the Diameter at the Head, and let 
that ſhew you 6 upon the ſame Line, ſer 
that down to the former, add theſe three 
Numbers together, and multiply the Sum 
by the Cask length ſuppoſe Zo, then cut off 
one place from the Produtt towards the 
Right Hand, and the Figures towards the 
left hand are your Number of Wine Gallons 
contained in that Cask. 


G4 If 
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If your Dtameter fall amongſt the Divi- 


ons betweer- the Numbers, you mult cut 
&f'2 places from the Product. Example. 


10g Diameter 71 7 

Head Diameter <8 6 
200 20 

Cask Length. 30 30 Length. 


_r_— _ —  - —— 


Content 60.C0 60.0 Content. 


3. Ona third Face of this Rule is a Line 
of equal Parts numbred from one to 96 : 
| This Line conſidered together with that 
laſt before-mentioned , (viz. Oughtred's 
Gauge: Line) do make a Table of Arca's of 
Circles in Ale-Gallons ; fo that if you find 
; our Diameter 1n this Line, turn up the 
other Face, arid againſt your Diameter you 
hall have the Area of your Circle in Alc- 
Meaſure, As for Example. 

[he Diameter of a Circle 15 19 Inches, 
the Arca of that Circle upon the other 
ed2cin Ounhired's lite ls alittle above one 
(34il0n, ſo the Diameter 3o Inches, the Arca 
1S 2.5 Gallons, lo the Diameter 67 inchcs, 
1f hoids 12.5 Gallons upon one Inch ot 
Depth. | | 

The uſe of thets lines thus together 13 

the 


BOOK II. | Of (Facing. r29J 
the ſame with that of the Table of Areas 
of Circle in Ale Gallons, pag. 124. - 

4. On the fourth ſide of this Rule ts 
drawn a line of Numbers, vnlgarly called 
Gunters Line, being a Line of Logarithmes, 
whoſe uſe I have deſcribed In Inftrumentet 
Arithmetick, pag. 37, 38, 39, 40: Only 
in this place take notice as to Gauging, that 
at 17.2 you have a ſmall Braſs Pin, where- 

| onto ſet the foot of your Compaſles, and 
15 called the Gauge point for Wine Gallons 
marked W. G. And another fmall Braſs 
Pin at almoſt 19 the Gauge point for Ale 
Gallons, marked A.G. by which they are 
calily-known, Now to Gauge a ©ask by 
| this line, you muſt firſt find the Dtameter 
at the Head and Bune, and alſo the Casks 
ln2th by the line of Incacs: Theſe being 
had, find your Mean Diawreter, by adding; 
couble the Bing Diameter, to once the 
c12meter at the Head, and divide theirSum” 
by 3, the Quotient take for your Mean 
Clameter + Then with your Compaſſes kr: 
one foot in the Gauge point, whether ir 
ve for Wine or Ale reſpeCtively, and Ex- 
tend the other to the mcan diameter upon. 
your Line of Numbers, and' keeping” the” 
pounts at that diſtance, ſet one foot at the: 
Number, expreſſing the Casks Length; and' 
Irom thence double the diſtance of the feet: 
of Compalles, exhibits the Content-in Ale” 
Cs er: 
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or Wine Gallons reſpectively : As for Ex- 
ample, Bung diameter 27, Head 

27 diameter 24, Length 3o Inches, 

27 the mean diameter will be 25, 
2.4 which in Ale Gallons 57, in 

-— Wine Gallons 69, and having 
8(26 the mean diameter of a Conical 
3 Tun(28:)depth of Liquor (29) 

— TheQuantity of Ale Gallons will 
| be found (635) after the ſame manner, 
2rd 1s an Approximation near enough the 
Truth for common practice. 

5- There ts alſo another Line that runs 
parallel with this Line of Numbers, and 1s 
called a Line of Segments, but 1 do not like 
the Hypotheſis upon which it is framed ; 
the way by the Table of Areas of Segments 
being more perfeC(t ; However it being up- 
on the Rule, 1 ſhal] ſhew you how to find 
the Ul!age or wants in a Cask by this Line 
and the Line of Numbers. 

Suppoſe the Bung diameter 24 Inches, 
wet 18 inches, Content 50 Ale Gallons, 
What is the Ullage or Wants in this Cask ? 

As 24 on the Line of Numbers is to Ra- 
dius on the Segments, ſo is (6) the dry in- 
Ches on the Line of Numbers to 17. 8 on 

the Segments. Then as Unity to 50 on the 

Line of Numbers, ſo is 17.8 on the Num- 
bers to $9. 9 Ale Gallons, the wants requi- 
rc. So much for Gauging, 


1 
5 


CHAP. 
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CHAP. XIV. 


OW beſides this kind < meaſuring a 

Triangle, by taking the whole Con- 
tent both of a Superficial and Solid Trian- 
gle; There is another way of Meaſuring a 
Triangle, or of finding the length of ſome 
of its ſides, or the Quantity of ſome of its 
Angles by other Sides and Angles given or 
Known. 

Foreyery Triangle conſiſting of 3 ſides. 
and 3 Angles, any 3 of theſe 6 parts being 
known, the reſt may be eaſily found, either 
firſt Geometrically by ProtraCtion, pas. 85,. 
86,37:Or Secondly, Arithmetically, by the: 
Rule of Proportion , as 1t is performed. 
Lozarithmetically ,, pag. 31, and Inſtru- 
mertally, pag. 41. This I call properly the: 
Reſolution of a Triangle, or Trigono- 
metry. | | 


iany Learned Authors have made this: 
very particular the ſibject of whole Books ,. 
as Petiſcius, Norwood, and others; But for 


my preſent Purpoſe, [ ſhall content my ſelf _ 


with theſe following neceſlary Rules and' 

Direftions,. which well applyed, contain in; 

ſhort the whole Art of Trigonometry: 
ony 


OF 


TRIGONOMETRY. 


AL oh on Do 3 e175 

Firit LNCTH, 1 Pr trac; 12m, Or by 
1 * 
\v 410 4:3 I 011Paſs. 


#3048454 Ss 341 


Flawviig aviy 2 Audits and a Side mcluded 
or contained betwixt them, to find the other 
7 wo Sides, and the Third Angle. 


S {uppole the Angles given in the fol- 

23 lowing Triangle were the right An- 
Me at the Baſe go degrees, and the Angle 
at the Hypothenuſe 30. degrees, and the 
Pai included betwixt theſe two Angles 
429. To ud the length of the Hypothe: 
FA. nuſc, 


—_ 
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noſe; and the length of the Perpendicular, 
4; alſo the third Angle at the Perpendl- 
culzr. | 

Firſt, From a line of equal Parts take 
in your Compaſſes the Length of the Baſe 
400, and drawing a Line at pleaſure, prick 
the ſaid diſtance upon the aid line: And 
2t one end of the Baſe protratt an Angle 
of 30 degrees DE : At theother end of the: 
ſaid Baſe protraCt another Angle of go de- 
erees, as FG, and drawing the perpendicu- 
lar infinitely, and alio the Hypothenuſe , 
where theſe two interſect, or cut one ano- 
ther, doth confine the length of both the 
ides meafured vpon the ſame Line of equal 
Parts with your Compaſlles; and alſo doth 
include the Third Angle ſought betwixt 
them, Viz. 60 degrees. 


F#Q0 £4. .2 


Having Two Sides, and the Angle inclu- 
ded betwixt them, to find the other Two. 
Angles, and the Third Side. 


This you will find not to differ much 
from theformer : Only firſt you muſt Pro- 
tract the Angle, drawing the ſides infinite- 
ly, aid afterwards from the Angular point 
prick out cither way their Exact Length, 
ad from thoſe Points draw the third lide ,. 

which 
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which will include at either end the Two 
Angles ſought, 


PX 0-8 4,3 
Having the Three ſides given , to find the 
Three cingles of any Right Lined Triangle, 


Firſt, Take the diſtance of the longeſl 
fide in your Compalles, and from any point 
as A, with that ſame diſtance draw an 
Arch ofa Circle H I ; then take the ſide 
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next the longeſt, and from the ſame point 
draw another Arch K L. Laſtly, from 
al} 


wr 
<4» tos 
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2ny- point in one of theſe Arches, to any 
other point in the other Arch, prick the 
[ngth of the Third ſide, and drawing Lines 
from theſe three points from one to ano- 
ther, theſe Lines or Sides will include the 
three Angles required, A. B. C. Acontain- 
ing 30 degrees, B 90 degrees, and C 60 
degrees. 

This way of finding Sides and Angles by 
Geometry or ProtraCtion, though it is not 
ſo exaCt as by Arithmetical Operation ; yet 
tis ſufficient for ordinary Uſe, and of all 
other, both the moſt ealie and demonſtra- 
tive, and alſo the moſt pleaſant and de- 
lghtful. 

Note, That in every right Angled Tri- 
;ngle, if you have one of the acute Angles 
'iven, the other is alſo given, becauſe it is 
the complement thereof to 90 degrees as 
the complement of-30 is 60. Allo, if in 
any right Lin'd Triangle whatſoever you 
taveany two of the Angles given, you have 
alothe third Angle given, becauſe the three 
angles of any right lin'd Triangle, is equal 
tb aSemicircle, or 180 degrees. 


SECT, 
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SE CH: 45 


But in the Second Place, by ſome ſmles or An- 
gles of a Triangle giver, to find the Reſt, 
(which. is properly the Reſolution of a T rian- 
gle) is the moſt exatlly performed by Arith- 


metich. 


FRO B &. TI. 


Firſt, By Common Arithmetick, Sides 
may be found by theſe Rules. 


The Square of the Baſe and Perpendi: u- 
lar is equal to the Square of the Hypothe- 
nuſe: As ſuppoſe the Baſe. to be 4, the 
Square of 4 is 16; thea ſuppoſe the per- 
pendicular 3, the Square of 3 is 9; thele 2 
Numbers added together is 25 : Now the 
Hypothenuſe being 5, the Square of 5 13 
allo 25, Likewiſe having the Hypothenniz, 
and one. of the other lides, you may find 
the-other lide : As ſuppoſe the. Hypothenute 
5,the Square of which is 25 ; as 5 multiply- 
ed by 5 15 25: Then ſuppoſe the other lidc 
gtven be the Baſe 4, the Square of that mul- 
tiplyed in itſelf 1s 16 : This being dedu- 
&tcd irom the Square of the Hypothenule 
25, there, Reſts 9, which is the Square of 
the perpendicular 3: The ſame Rule 4 
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obſerved if the Perpendicular had been 
given, and the Baſe required. 


© 5 2 


Having ſhewed you how to find Sides by 
Common Arithmetics, | ſhall proceed to ſhew 
you, How both Sides and Angles may be 
found by Logarithmetical and Inſtrumental 
Aritbmetick by theſe following Rules. T he 
frſt is more particular for Right Angled 
Triangles only, the other two more ge- 
| reral for all plain Triangles whatſoever. 


#7 56 & $6 


1. Firſt then, baving Two Sides, and a Riokt 
Angle betwixt them given, To find either of 
the Two Angles, and the [hird ſide. The 


Proportion 15, 


_ AS the greater ſide given is to the leſſer 
lice, fo is the Tangent of 45 degrees to 
tne Tangent of the leſſer Angle, and its 
complement to go is the greater Angle: 
as for Example, in the former Trianglo, 
P47. 134 : The Baſe being given 400, and 
the perpendicular 231, and the Right An- 
Ze 90 contained betwixt them : Then 

ay by Logarithmes, as the Logarithme of 
49 1s to the Logarithme of 23 1, ſo is the 
| Tangent 
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Tangent of 45 to the Tangent of the le! 
ſer Angle, (viz. 30 degrees) which ded. 
cted from go, leaves 60 degrees for tt: 
other Angle: This is done by working b; 
the Rule of Three in Logarithmes, as 15 tau9h: 
page 31, but I ſhall give you another Ex 
ample 1n this place. 


If 40o give 231, what gives Tangent 43; 


The Logarithme of 400 is 2.60205; 
The Logarithme of 231 is 2.363612 
The Tangent of 45 is 10.0c0092 
Theſe 2 added togethes is 12.36361: 
From whence deduCt the firſt 2.602055 


Reſts the Tangent of 3o deg. 9.761553 


for the leſſer Angle : The complement 


whereof to go degrees, is 60 the greate! 
Angle. 


The ſame may be done by Inſtrumental 
Arithmetick, or the Lines of Numbers and. 
Tangents by the Rule of Three upon thoic 
Lines as is taught pag. 41 ; but 1 ſhall here 
add this Example more , Extend the Com- 
paſles from 400, to 231 inthe Line of Num- 
bers, the ſame Extent upon the Line of 

Tangeits 
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Tangents will reach from 45 to 30 degrees 
for the leſſer Angle: the greater Angle 
being its complement to 90 degrees, Viz. 
60: And the two Angles found, and the 
two ſides given, you may eaſily find the 
| third fide by the Rule in Common Arithme- 
ich, pag. 136, or by the third Rule follow- 
ing, to which Ireter you. 


RULE 2 


- The ſecond Rule for reſolving of a Tri- 
:M angle is more general than the former, be- 
cauſe it reſolves not only a right angled 
Triangle, but alſo an Acute, and an Ob- 
'& tuſe Angled Triangle, that 1s any Right 
; Lin'd Triangle whatſoever, and it 1s this. 


As the Sum of two of the ſides is to the diffe- 
rence of the ſame ſides, ſo 1s the Tan- 
gent of half the Sum of the oppoſite Angles 
to the T angent of half their difference. 


WhichI ſhall more fully explain by this 
Example, As ſuppoſe two ſides to be given, 
and any Angle betwixt them, to find either 
of the other Angles: Firſt, Add the ſides 
together, which ſuppoſe 303 and 176 makes 
479: And Secondly, Subſtratt the one 
from the other, their difference is 127, Now 
uppoſe the Angle given to be 110 d. 30 mr. 

Take 
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Take the complement thereof to 180, which 
15 69 d. 30m. and this is the Sum of the? 
unknown Angles, (becauſe every right li;'d 
Triangle is equal to 2 right Angles, or 1%: 
degrees.) Now the half of this 69d. 30. i 
344.45m.this being done,the Proportion is, 

As the Logarithme of the whole Sum 47g 
is to the Logarithme of the difference 127, 
fo 1s the Tangent of the half Sum of the 
two unknown Anples, viz. 34d. 45 m. 
To the Tangent of halt the difference be- 
tween the iaid Angles, viz. 10d. 25 m. 

For the ſaid 10 4d. 25 m. being added to 
the half Sum (34 4. 45 mm.) the Sum will 
be 45d. 10m. the quantity of the bigger 
Angle; and being ſubſtratted from the ſame, 
will ſhew the Quantity of the leſſer Angle, 
VIL. 24 d, 20 m. | 

The Proportion may be wrought either 
by the Rule of T hree in Logarithmetical ; or 
by the Lines of Numbers and Fangents in 
Inſtrumental 7. rithmetick, pag. 31. and 41. 


KY LE: 3; 

The third General Rule, which 1s the 
laſt, I ſhall lay down, but not the leaſt, 1 
the moſt general of all the reſt, and indeed 
may ſerve inſtead of all ; and by me has been 
accounted even all in all ; inſomuch as | 
once thought to have given no other, and 
but only for varieties ſake there is no __ 
ablo- 
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tbolutely neceflary, which for its excellen- 
-y deſerves to be writ 1n Letters of Gold, 
«hich together with the Golden Rule or 
Rileof Three, as It 1s wrought and per- 
formed by L,ogarithmes, pag. 31, and by 
the lines of Numbers, Stnes and Tangents, 
a7. 41, Is ſufficiently able to do whatſoe- 
ver is neceſſary in Trigonometry, which 
take as follows. | 

In all Triangles whatſoever, every ſide is 
proportional to 1ts oppolite Angle, and 
every Angle to its oppolite lide: And fur- 
ther, as the Angle oppolite to one ſide is 
tothe Angle oppoſite to the other fide, ſo 
is the tides themſelves to one another, & ec 
contra, the ſides are to the Angles. 

As for Example in the'Triangle, pag. 13 4. 
asthe Angle A Zo d. 1s to the perpendi- 
Cuiar 231, ſo Is the Angle C 604.to the 
Liſe 40, and {o 1s the Radius or the right 
argle go 4d. to the Hypothenuſe 46 z, & 
tra , 16 that there needs nomore but ha- 
\1ng any Three of the ſix parts of a Tri- 
angle given, any one, or every one of the 
reſt may be founJ out by the Rule of Pro- 
PIYrtion,as it is performed by Logarithmes, 
/47. 31. or by the Lines of Numbers, Sines, 
3d Tainpents pa'. al- though the Rule 
0! Proportion in Common Arithmetick will 
not do it in Common Numbers, that is, will 
nt ind Angles. How ts find Sides by Com- 


[NON 
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mon Arithmetick is taught before, pag. 136, 
But by Logarithmes or the Lines you may 
find not only Sides, but Angles allo : Tak- 
ing this obſervation along with you, That 
when you meet with an Obtuſe Angle, to 
find its oppoſite ſide, you muſt work by 
its complement to 180, which being uſed 
inſtead of the Angle it ſelf, will effect the 
ſame thing in every reſpeft. As to pirec 
an example in the Obtuſe Angled Triangle 
QRS, whoſe Angle at Q is obtuſe, being 
110d. 30m. the Angle R 45 4. 10m, the 
- Angles 24 4. 20m. the ſide RS oppoſite 
to the obtuſe Angle 1s 409, the ſide QS, 
303 oppolite to the Angle R; The ſide QR 
176 oppolite to the Angles, ſo the propor- 
tions ſtand thus, 

As 24 4.20. m. the Angle at S is to 176,f0 
is 69 4.30.,m.(the complement of 1104.30, 
to 180) to 400: Ando is 454. 10 7. to 
303, & e contra: Therefore ſay by the 
Rule of proportion, either by Logarithmes, 
or by Lines : 


If 24 4, 20 m. give 196, what gives 69 d. 
30 m, Or 45 d. 10 m, to find the ſides. oF , 
| 
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If 176 give 24.4. 20 m. What gives 400, 
303 to find the Angles: ſee pag. 31 and 
1, where you have the way of working 
eſe, or any ſuch like proportions by the 
e of Three, either in Logarithmes, or 
| the Lines. F 


CHAP AV. 


TAving now handled the three princi- 
pal Geometrical Figures , the Crrcle, 
mare, and Triangle 5, how they are Produ- 
ed, Reduced, and Meaſured themſelves ; 
nd conſequently all other Figures or Bo- 
lies by their Rules 3 To conclude, W hat 
have to ſay in reference to Geometry in 
eneral, ſhall be to-ſhew you the ſeveral 
\cellent uſes of Mr. Gwnters Sefor, which 
king properly Geometrical , I reſerved for 
ilsplace, to ſhut up general Geometry. 


SECT. 1; 


nſ: then, To ſhew the Ground of the Seftor. 


Let AB, AC repreſent the Legs of the 
etor ; Then ſeeing theſe two, AB, AC 
rc equal, and their Seftions AD, AE alſo 
Jul, they ſhall be cut proportionably, _ 
I 
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if we draw the Lines BC, DE, they wil 
be parallel by the Second Prob; 6 Bok of 
Euclid, and ſo the Triangles ABC, AD! 
ſhall be equiangled, by reaſon of the Com: 
mon Angle at A, and the equal Angles at the 
Baſe, and therefore ſhall have the ſides pro- 


| 


EY 
B 
portional about thoſe equal angles, by th? 
fourth Prob 1ib.6. Euclid. Again the fide AD 
ſhall be to the fide AB as the Bafe DE unto 
the parallel Baſe BC,and by Converltion AB 
ſhall be unto AD, as BC upto DE. And by 
permutation AD ſhall be unto DE, as AB 
to BC, cc. fo that if AD be the fourth 
part of the ſide, AB, then DE fhall be the 
tourth part of his parallel Baſis BC,the lik 
realon holdeth in all other Sections. And 
by the way, tounderſtand the general aim 
and ule of the Fedor, it is to perfor i: the 
ſame by Lines, which Arithmetick oc 
by Numbers, as I ſhall ſhew you parti 
ly : Now theſe lines which are found 

the Sector, are of two forts: Fi 


WA —_, WH .,z, / To 


1 


Cs 


Cc — Mans C7 


k as 
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Lateral (or ſach as are found upon the ſides 
of the Sector) as are the Lines, AB, AC: 


Or Secondly, Parallel ſuch as are the lines 


CB, DE from one ſide of the Sector to the 
other in its parallel points. 

Having premiſed thus much 1in general, 
| ſhall ſhew you in paxticular the ſeveral uſes 
of the Sedtor. 

Now you muſt underſtard that (beſides 
the Lines of Numbers, Sines, and Tangents 
upon theoutward edge of the Sector, and a 
toot divided into 12 inches; as alſo ano- 
ther line of equal parts, or a foot divided 


| into 100, or to be ſuppoſed 1000 parts up-. 


on the Inner edge of the Sector.) Thereare 
theſe ſeveral Lines upon the Sector it elf. 


Theſe four, as & 1. A Line of Fines. 
alſo the 2 laſt ) 2. A Line of Lines. 
arethe princi- Y 3. A Line of Superticies, 


pal Lines, 4. A Line of Sol.ds. 

Theſe 5 Lines e 5. The Line of Quadrature. 

are leſs princt- Y 6. The Line of Scgments. 

pal, and for< 75. The Line of inicribed Bodies, 
particular 8. The Line of Equated Bodics. 
Uſes, 9. TheLine of metrals, 


The other two F 10. The Meridian Line. 
Principal Lines. 2 Laſily, The Tangent Line. 


And of theſe in the ſame order I here 
Rank or Reckon them, and firſt of the 
irſt (to-wit) The Line of Sines. 

H SECT, 


ers ator I rr ads _ 
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SE CF: 3. 
The Line of Sts. 


1. ToProtraCt Angles by a Lincof Right 
Sines 15 taiight pag. 87, 88. And to avoid 
Tantology, [ ſhall noVherc repeat It, Þut 
rcier the Reauer thereunto, being ore ex- 
ccllent uſe of this Line. 

2. Ifthe Radius of a Circle be the ſame 
with the Lateral Radius or Scmiradius of 
the Sector, the reſjeCtive ſeveral Sires are 
the ſame as In this Line of Sines : But if it 
be either greater or leſſer, ſet over the g1i- 
ven Radius in the Line of Sti:es betwixt go 
and go, and the Parallel Sincs all along are 
the right Sines to the ſame Radins ; and 
hereby you may divide any L irc gtven, asa 

ne of Sines; And by the ſame Rule any 
being given, you may find the Radius 
thereof, by making it a Parallel Sine in 1ts 
reſpective Number, the Radins will be be- 
as xt 90 and yo. 

. Tofind the Chord of any Ark, ob- 
fre e that the Right Sine of the ſame Ark 
is half the Chord required : ; as the Sine of 
101s the Chord of 20, the Sine of 20 1 
the Chord of 402 Cc. allalong. The Ra- 
dins or 60 derrecs of a Line of Chords be- 
111g ſet over as a Parallel betwixt 30nd 39 
ol 


"_ 
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ofthe Line of Sines upon the Seftor, mark 
this well. | | 

4. To find the verſed Sine of any Ark. 
If you reckon from go at the end of the 
cor to $0 towards the Center, that di- 
tance 1s the verſcd Sine 10 J from 9O of. 
070 the verſed ſine of 20, and ſo of 
the reſt. if the verſed Sine required exceed 
1 Quadrant, as ſuppoſe 130 degrees, Firſt, 
Take the whole Radius, and as many de- 
erees as it is above go, (as in this Example 
tis 40) add thereunto from the end of the 
&tor towards the Center. _ 


+ 7 ug SN. Þ 
Of the Line of Lines. 


This terves for a Line of equal parts up- 
onany occaſion, as they are numbred on the 
des of the Sedtor , if the Radius be the 
ſme with the Lateral Radius.” But if you 
would divide any other Line given into 
equal parts, ſet it over asa Parallel Radi- 
8 betwixt 100 and 1co, ard the Paralle 
tiſtances ſhall divide the fame given Linc in- 
to the ſame equal parts, according, to the 
12mber which the points of your Com; al- 
es do ſtzy upon: As if you wo. ll take or 
mark out 40 of thoke Parts, the paralicl 
uſtance betwixt 40 and 40-mar it out upon 
the Line glven, 1s 40 of the {aid parts, 2rd 


b of the reit. H 2 Or, 
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Or, Suppoſe the Line B were to be 
vided into 5 parts, Firlt, | take the Line} 
betwixt the Compaſlles, and to it open th 


1B 


- 


IO 


— 


- _ 
—_ _ TY 


—-| 


Sector 1n the point 5 and 5, ſo the parallel 
between the point 1 and 1 doth give me the 
Line BC, which doth divide the fame into 
the parts required. 


P KUOB LL -3:; 


To increaſe or Diminiſh a Line in a given 
Proportion, 


As let Abealine given to be increaſed in 
tne proportion, as 3 to5. Firſt, I take 
the lire Ainthe Compaſſes, and open the 
Sector till the points of the Compaſſes do 
reach juſt between 3 and 3 on the lides of 
te Sector; lo the Parallel between the 
nGznts 5 and 5 doth give me the Line B, 
Ii} v. hich was required. In like manner, if B 
i were to be diminiſhed as 5 to 3, Firſt, ſet 

over Bbetwixt 5 and 5, and its parallel bc- 

twixt3 and 3 gives you A diminiſhed as 5 

LO 3. 


PROBL, 
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To find a proportion betwixt two or mot e 
right Lines mven. 


BH Take the greater Line given, and accor- 
ding to It open the Settor in the Points of 
109 and 100; then take the leller Lines 
ſverally, and carry them parallel to the 
ereater till they ſtay in like points ; fo the 
number of Points wherein they itzy ſhall 
hew their Proportion to 100, ſo the 1:ne 
Bisin Proportion to A, as 100 tv 60, and 
At0B, aS60 to 100. 


P-&@: 8: £0, 


| Iwo Lines given, to find a Third in can- 
timual Proportion, 


Take the two Lines or Numbers given » 
and ſet them upon both ſides oi the Line of 
Lines (or equal Parts) from the Center, and 
Mark the Terms to which either of them 
extendeth; as ſuppoſe the Line C 18, and 
D 24 were the Lines or Numbers given. 
Veaſure with your Compaſſes the ſecond 
Line D: 24, and open the Settor at that Gi- 
ſtance in the Terms of the firſt Line or 
Number C, and ſo keep the Setor at this 
| 1-3 Angle 
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Angle. The Parallel diſtance between ti; 
Ierms of the ſecond Lateral Number 6 


Line (2+) being meaſured in the ſame Scal: 
from wience his Parallel was taken, wil! 
give the third number proportional, v::: 
the Line E, contatning 32 of the ſame eq": 
Parts. ; 


Fi 0 8 bi 4. 


Tiree Lines or Numbers being L ven, ' 
find Fe Fclrth, 


Let the Lines givenbe A 4o, Bgo, C 'o, 
ana the Queſticn be this, If 4o Moneths 
eive co7. What ſhall 60 Moneths give? 

1his you ſee 1s perfectly the Rule of 3» 


Ji 
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in the ſolution whereof a principal uſe of 
0: the Sector doth coniift. 

The firſt and third Lines or Numbers, 
A (viz. A. 40. C. 60.) mutt be placed on both 
EW des the Sedtor from the Center , and with 
the ſecond, viz. B 5o. opcn the Sedor inthe 


BR 
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1crms of the firſt, viz. A 40. And the 
Parallel diſtance between the terms of the 
third, vx. C. 60, ſhall be the fourth pro- 
Porttonal, to wit 75, as in the Example; 
and this1s called Lateral entrance. 


; DIS 
0 [Parallel Emwrance 


| 
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But if you would enter with = Parallel,do 
thus. Firſt, with the firſt Line or Number 
Ago in your Compaſles open the Sector to 
that diſtance in the terms of the Second, 
viz. B, 50 (or make It the diſtance between 
50 and 50 on the ſides of the Sector.) Then 
take with your Compaſles the third Line 
or Number C60, and with that diſtance 
obſerve where the Points of the Conpaſles 
do ſtay in the Parallels, and that 1s the 
fourth proportional, which you will find. 
75, as before. 


S E C94: 


The Ve of the Line of Lines, together with 
the Line of Sines, may be theſe. 


a a oo © Ae 


Any Two Sides and an Angle included given: 
to find the Third Side, 


Let the Sedtor be opened to the Angle pi- 
'en(304.) andobſerving the length: of ei-- 
ther lide upon the ſides of the Setor in the 
Line of Lines, the parallel diſtance. from 
one point to the other, where the: ſides of - 
the Triangle terminate, doth giveithe: ſide 

H 5 Tequi=- 
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required. As ſuppoſe the Baſe of the Tri. 
angle pag. 134, be one fide given, viz. 400, 
the Hypothenuſe the other ſide 462, the 
Angle included 3o at A, you will find the 
diitance with the Compaſſes from 400, to 
462 to Dc 231 the ide required. 


FOUR L.. 2; 


Three (des being given, to find an Angle. 


t 1 


LC 


L.ct the twocontaining ſides be laid on 
2 Lines of the SeCtor from the Center one 
on oneline, and the other on the other; 
and let the third fide which 1s oppolite to 
the Angle required be fitted over in the 
termes of the other two ; ſo ſhall the Se- 
ttor be opened 1m thoſe Lines to the Quantity 
of the Angle required. As for Examp!/e 11 
the betore meutioned Triangle, pag. 134. 
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I . oo 

| Having one of the containing itdes ,. 

le PR | (7 I f h o ft q A. 

. I 4-2 upon one fide of the Sector, and T 
} 


462 on the other, and ſetting thele at 
the diſtance 231, the Angle at the | 
Center will be found 3»d. Or fup- | 
poſe one lide 72 in the Line of Lines, 
the other 54, and fit the oppolite ſide 
(to the Angle required) over ovetween 
72and54; then with your Compalſksp| 
meaſure the diſtance betwixt 5oand 50 
inthe ſame Line of Lines, and the ſame 
diſtance meaſured in the Line of Sines 
ſhall hew half the quantity of the An- | 
cle required, 

| As ſuppoſe the three (ſiles given be 
AD 100, AC 75» AB 35. I might take 
35 for the fide CDont of the Line of 6 
| ines, and ſet it over from 100 to 75. | 
This dove, I take the diſtance between 
59 2nd $o, and mealuring it in the 
Line. of Sines, | findittobe$d. 8m. | 
the doulle whereof .IS 15 4d, 16 mm. | 
the Angle required. V4. 


CT ww tm 
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Tl;e Uſe of the Line of Lines, together Wills 
the Line of Sines in Navigation, ſes in its; 
pre; CN P:UCCy i hat IS3 


!. Io know how many Leaguzs do ans 
iwer: 
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ſwer to a Degree of Longitude in every 
{cycral Latitude. 

2. To know how many Leagues do an- 
{wer to a Degree of Latitude 1n eyery ſe- 
veral Rhumb. Vide ut ſupra. 


a:& 0 £5 $6 


The Uſe of the Line of Lines, together with 
the FP of Superficies in E xtratting the 
Square Roct, 


1. The Line of Superficics 1s faid to be 
divided into 1co parts; therefore hath uj- 
ON it twice the Figure 1, the former ip- 
nifying Units, thelatter Tens in that rc- 
{pet of the Line being divided into 100 
Dorey: | 

2. Obſerve, [f the Number, whoſe Square 
Root you deſire, conliſt of even Figures, as 
2, 44 6,8 Figures, or the like , the Num: 
ber given ſha!l fall out between the tenth 
diviionand the end of the Sector, (or which 
is all one) between the latter Figure of 1, 
and theend ofthe Scctor : Put it the Num 
ber) who (C Square Root you dehire ) hc 
vCd, that 3s 1, 3, 54 7 Figures, or the like, 
the vb piven ſhall all (or muſt bc 
meaſured (between the Center of the Scior, 
and the Tenth Diviſion, 
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3. Theſe being obſerved, ſet one foot of 
your Compaſſes in the Center, extend the 
ather to the Term of the Number given 
in one of the Lines of Superficies, (which 
fppoſe 36.) The ſame diſtance applyed 
to one of the Line of Lines, ſhall find 6 
for the Square Root. 

Likewiſe to Square a Number given, firſt 
Extend the Compaſles upon the Line of 
Lines to the Number you would Square (as 
ſuppoſe 6,) and apply the ſame diſtance to 
pe Line of Superficies, will give (36) as 
before. 


EE C7: SG 


By the Line of Lines, and Solas, to find 
the Cube Root. 


In finding a Cube Root of a Number 
zven, prick the firſt Figure, and after 
that every third Figure from the right 
land to theleft; and if the laſt prick to 
the left hand fall under the laſt Figure, the 
Number given ſhall be reckoned at the be- 
zinning of the Line of Solids, from the 
Center to the firſt 1, and the firſt Figure of 
tie Root ſhall be alwaies either 1 or 2. 

[f the laſt prick fall under the laſt Fi- 
eire but One, Then the Number given 
ball be reckoned from the Center to the 
{econd 


/ 
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ſecond 1, and the firſt Figure of the Root 
fhall be alwates either 2, 3, or 4. 

But it the laſt prick fall under the 1a! 
Figure but two, then the Number piven 
ſhall be reckoned from the Center between 
the laſt Figure of one, and the end of the 
Settor : For you muſt know, as the Line of 
Superficies 1s ſuppoſed to be divided into 
100 parts, and ſo having, 2 Figures of 1 
upon it, the firſt ſignifying Units, the &- 
cond Tens ; fo the Line of Solids is {uppo- 
ſed tobe divided into 1090 parts, and hath 
three Figures of one upon it, the firſt {i2- 
nifying Units, the ſecond Tens, and th: 
Third Hundreds ; ſo that according to thi: 
Diviſtton the whole Line 1s 1000 as before. 
Theſe things being obſerved, the Rulc tor 
finding the Cube Root is this. 

Set one Foot of your Compaſſes i: th 
Center of the Se&or; Extend the cthcr 11 
the Lineof Solids to the point of the N 1m 
ber given according to the Rules bio! 
given: This diſtance applyed to the Li: 
of Lines, ſhall ſhew the Cube Root of tlic 
Number. 

Or to Cube a Number , Firſt, Exte'« 
the Compaſlles upon the Line of Lines ; 211 
then mealure the ſame diſtance vpon t'! 
Line of Solids, it will give you the Cu-- 
Number of a Cube Root eLVEN, 


Jt 
l 
n 
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o 
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If the Reader deſire further concerning 
theſe two laſt propoſitions of finding the 
Square and Cube Root by the Sector, I re- 
fer him to Ganter himſelf upon this Subject. 


SS CH, 


0f the Line of Superficies alone or ſingle: As 
alſo the Eine of Solids alone or ſmgle. 


Obſerve firſt, That the Line of Super- 
fcies and Solids do ſerve to find Proporti- 


'Y ons betwixt Square and Cubique Bodies : 


asthe Line of equal parts do betwixt lines 
(from thence called properly the Line of 
Lines) therefore the ſame Rules may in a 
manner ſerve for theſe which are given for 
the other right applyed, matatss mutandis. 

Secondly obſerve , That whatſoever is 
laid concerning Superfictes, the very ſame 
Rules ſerve for Solids, only that they are 
wrought upon different Lines. Therefore 
to avoid Repetition , obſerve to apply 
thele Rules given for Superficies to Solids 
allo, mutatis mutands as 1 ſaid before. 
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PROB-L. I. 


Therefore to proceed to find a Proportion be. 
tween two or more like Superficies (as is be- 
fore done in Lines, do thus, 


Take one of the ſides of the greater Su- 
perfcics, and according to the ſaid fide pi- 
ven open the Settor in the points of 109 
and 1co, then take the like tide of the leſ: 
ſer Superſicies, and carry it parallel to the 
former, till they ſtay in like Points, to the 
Number of Points wherein they ſtay ſha! 
ſhew the proportion to 1co in the Lines ot 
Superficies : As for Example, Let A and B 
be the {ides of like Superficies. Firſt, | take 
the ſide A in the Compalles, and to that 
diſtance open the SeCtor 1n the points ol 
100 and 100; Then keeping the Sector 
to that Angle, I enter the leſler tide Þ pa- 
rallel to the former, and find it to cro!3 
the Lines of Superficies in the point 45 and 
49,. therefore the Proportion of the Su- 
perficies, whoſe ſide is A, to that who!: 
ſide 1s B, 1s as 10C to 40, or in leſſer Num- 
bers, as 5 to 2. This Propoſition may al- 
ſo be wrought by 60, or any other Num- 
ber that admits ſeveral Divilions. 

It may alſo be wrought without opening 
the Sector, for if the ſides of the Superk- 


C1C5S 
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cies given be applyed to the Lines of Superfi- 
ces, beginning alwaies at the Center of the 
G&tor , There will be ſuch proportion 
{51nd between them, as between the Num- 
ter of parts whereon they fall. 

What is ſaid of Superficies, the like 1s to 
tz underſtood of Solids wrought upon their 
" WM own Lines. 


PFRODL.: 3, 

) Wl 7s Auoment or Diminiſh a Superficies in 4 gi- 

WW venproportion;, or (which is the fame) To 
add one Superficies to another, or ſubſtrath one 
from another, will be all underſtood by this 
Example following, 


Suppoſe A and B were the ſides of two 
Squares, or the Diameters of 2 Circles, and 
It were required to make a third Square or 
Circle equal to them both. 

Firſt, The proportion between A and 
B will be found to be as 100 to 40, or in 
leſſer numbers, as 5 to 2; then becauſe 5 
and 2 added together make 7, I augment 
the ſide A in proportion of 5 to 7, and 
produce the fide C, on which if I make a 


/ TORI AEST 1 IT. Il 


_ 


SQuare, or make it the Diameter of a Cir- 
(le, the ſaid Square or Circle ſhall be equal 

| to Ttoth the Squares of A and B, or to two 
Circles 


162 Of the Sefor. BOOK 1 


Circles made npon their Diameters, whi- 
was thething required. To ſubſtratt »:: 

Aftrom another is after the ſame mr. 
TT ner, as from 5 take 2, the Remainder i; 
| 3, ſoitmuſt be diminiſhed in prov or 
| tion of 5 to 3, which is D. 


PROBE. 35. 


| To fmd a Mean proportzonal between 2 
Lnes,which may be ſuppoſed the ſides © 
E-8 Square, or Diameters of a Circle, aid 
thereby to find ſeveral Corollavies. 


Suppole the Lines given be A A and 
AT A. Firſt find the proportion betwis! 

them as they are Lines as is taught 
peg. 609. which will befonnd to be as 4 
to 9, waerefore I take the Line AG 
| and put it over to the Lines of Supe: 
licies between 9g and 9, and keep: 
B+ 1g, the Seftor at this Angle, his Paral- 
le] between 4 and 4, gives me AV} 
| for the mean Proportional : Or tak! 
the Line AA, and put it over in tl 
Lines of Superficies between 4 and 4: 
and its Parallel between 9 and 9, w!: 
give AB for a Mean Proportions! 
which upon the ſame Scale of equal 
Parts will be founds ; ſoras 4 is to 5: 
C| ſois6 tog, 


Upon 
4 
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W Upon: finding out this Mean Proportional de- 
pend many Corollaries, eſpecially theſe fol- 
lowing. 


Firſt to make a Square equal to any Su- 
perficies gLVen. 

As a mean proportional between the un- 
equal ſides of a Parallelogram ( or long 
Square :) or a mean Proportional between 
Wl half the Baſe, and the perpendicular of a 
al Triangle ſhall be theſide of a Geometrical 
Square equal to either of theſe in ſuperft- 
cial Content. And if it be any other right- 
Lin'd Figure, it may be reſolved into Tri- 
angles, and ſoa ſide of a Square found equal 
to every Triangle, and theſe reduced to 
one equal Square, it ſhall be equal to the 
whole Right-Lin'd Figure given. 

Secondly, To find a Proportion between 
ſveral Superficies though unlike to one 
another. 

Asfor Example, Thg Oblong A, and the 
Triangle Bare Superficies unlike to one 
'F other, therefore to find a Proportion 
© tween theſe. 
| Firſt, Between the ſides of A, viz. 20, 
'F ?id 25, | find a mean proportional, as C. 
This is the ſide of a Square equal to A, then 
between the perpendicular of the Trian- 
tle B, and half his Baſe, I find a mean pro- 
portional, 


*. # a - go p=——xy 
[] - -- > Fa. rw. 
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portional, viz. D. This is the ſide of ; 
Square equal to B, 


} a} 
| Q, 


x 5 
Di—— 


C 


B 


32 


But the proportion between the Squares 
of C and D will by the Rule for it pag. 1t0 
> ms to beas 5 is to 4, vide the Ruleit 
elf. 

Thirdly to make a Superficies like t0 
one Superficies, and equal to another. 

Let one be the Triangle A, the other 
the Rhomboides B, Firſt, between the 
Perpendicular and the Baſe of B I find a 
mean proportional ; and note it in B, as the 
ſide of a Square equal to B the Rhomboides. 
Then between the perpendicular and hall 
the Baſe of the Triangle A find a mean pro- 
portional, and note it in A as the lide of }13 | 
equal Square. 

Wherefore as the ſquared ſide of B is to 
the ſquared ſide of A, ſo ſhall the longer 


{1;dC 
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WM Gd of the Rhomboides given AB be to the 
longer ſide of theRhomboides required v:z. 
C; and ſo ſhall the ſhorter fide of the 


Khomboides given AD be to the ſhorter 
ide of the Rhomboides required, viz. D. 
And ſo ſhall the perpendicular of the Rhom- 
boides given AC be to the perpendicular of 
the Rhomboides required, viz. E. and ha- 
x ving 
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ving the ſides and perpendicular, you may 
frame the Rhomboides up, and it will he 
equal to the Triangle A , which was the 
thing required. 

And becaule here is mention made of pro. 
tracting or framing up a Rhomboides, hz. 
ving the longer ſide, ſhorter fide, and per- 
pendicular given, I ſhall here ſhew you hoy 
to dot. 

Firſt then, Draw the length of the lon- 
ger ſide, or the Line AB in the former Fx: 
ample. And'then taking the Length of the 
ſhorter {ide in your Compaſſes, ſetting on: 
toot in B, draw an Arch ofa Circle a 6, as 
alſo letting one foot of your Compaſlles in 
A, draw the Arche 4, Then take the length 
of the perpendicular in your Compalles,and 
ſetting one foot in B, again draw the Arch 
e f. and removing to A, draw the other 
Arch g b. Theſe 4 Arches being drawn, 
lay your Ruler fo as juſt to touch the Ar- 
chese fand gh, and draw a parallcl Linc 
from the point D, where the Ruler croſſes 
the Arch cd, to the point E, where thc 
Ruler will croſs the Arch ab; and laſtly 
from the point Ddraw the Line D A, and. 
from the point E draw the Line E B, ard 
let fall the perpendicular AC from the point 


A) lo will you have a'Rhomboides as was 
required, 


[2 


SECT. 
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SECT. 8. 
Of the Lines of Quadrature. 


The Lines of Quadrature may be known 
;yon the Seftor by the Letter Q, and by 
cir place between the Lines of Sines. 

Q {ignifies the (ide of a Square, 5 the fide 
f a Pentagon, with 5 equal ſides, 6 of an 
?exagon, that is, a Figure with 6 equal 
des, and ſo 7 for the fide of an Hepta- 
pon, 8 of an Octagon, g ofa Nonagon,@c. 
ſtands for the-Semidiameter of a Circle, 
nd go for a line equal to go degrees in 
tte Circumference of the ſame Circle. 


| POE E 1: 

 W''e »ſe of theſe Lines may be to make a Square 
equal to a Circle gveny or to make a Circle 
equal to a Square given, 


.  !fthe Circle be given;take his Semidiame- 
tr, and to it open the SeCtor in the points 
5; ſo the parallel taken from between 

| W*ie points at Q, ſhall be the fide of the 

| {quzrerequired : Or if the Square be given, 

, lake his ſide, and to it open the Sector in' 

. Wie pointsat Q; fo the Parallel taken from 

*ween the points at S, ſhall be the Semi- 

clameter of the Circle required. 

P-& © | L. 
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To Reauce a Circle given, or a Square into wn 


equal Pentagon, or other like Sided , ar, 
like Angled Figures, 


Take the ſide of the Figure given, and 
fit it over in his due points, ſo the parallel 
taken from between the points of the other 
Figures, ſhall be the ſides of thoſe Figure: 
which being made vp with equal Angle, 
ſhall beall equal one to the other. 

Other Superficial Figures not here : 
down may firſt be reduced into a Square, 
and then intoa Circle, or other of thek 
equal Figures as before. 


" © OO 


In the third place, To find a Right Li.ie equa 
to the circumference of a Circle , or oth 


part thereof. 


Take the Semidiameter of the Circle g- 
ven,and toit(or to the ſame diſtance ) oe! 
the SeCtor in the Points at S, ſo the parallel 
taken from between the points at go, in this 
Line, ſhall be the fourth part of the cir- 
cumference, Cc. 


o £CY 
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S ECT. 9. 
an of the Lines of Segments. 


The Lines of Segments are here placed 
between the Lines of Sines and Super fictes, 
14 and are numbred by 5, 6, 7, 8 9, 10. 

The uſe of them 1s to divide a Circle gi- 
ven into 2 Segments, according to a pro- 
portion given, or to finda proportion be- 
tween a Circle and his Segments given : 
For the Numbers 5, 6,7, &c. do repreſent 
e: theDiameter of a Circle fo divided into 1 00 
WW parts, as that a right line drawn through 
i theſe parts perpendicular to the Dia- 8 

meter, fhall cut the Circle into two 
Segments, of which the .greater Sep- 
ment ſhall have that proportion to 
the whole Circle, as the parts cut have 
to100: For Exzmple, Let the Seftor 
ſl be opened in the points of 100 to the | 
1 Diameter of the Circle given, as ſup- 
poſe BL, or any other Diameter ; ſoa 
© Parallel taken from the points propor- | 
- (onal to the greater Segment recuired, 
en ſhall give the depth of that greater 
ell ſegment: As if the Diameter ot a Cir 
_ Cle were BL, carry the greater ſeg- L 
-© ment LO when the Setor is opened in 100 
and It wil ſtay in 75, which ſhews the pro- 
Portion 


| 


I/© Cf ite TUTP LCOK |! 


Portion is 2575 to 100, or that the ſoy. 
ment to theCircle 1s 3 parts of 4. Hereh; 
21 may find the fide of a Square equal t9 
os known ſegment of a Circle: For as the 
propor tion isof the Segment to a Circie, {0 
15 the part of a Square to the Square eqal 


to the whole Circle, which is taveht be. 
forc. 


SE © 47; 10. 
Of the Lines of Inſcribed Boat. 


Theſe arc placed between the Lines of 
Lincs, and may be known by the Letters” 
{2,S,1,C,O,T, of which D ſignifies the 1:c.c 
of a Dodecahedron, 1 of an [{coſahedron, 
C of a Cubc, O of an Oftahedron, ard 1 
ot a Tetrzhedron, all inſcribed into ti 
i1me Sphere, whoſe ſemidiameter 1s hcic 
lwnifed by the Letter S. 


The Ules are 


F KO S#S£. 


The Semudtameter of a Sphere being given, 

to find the ſides of the 5 Platonick or Regu- 

lar Bodies, which may be inſcrabed i tie 
ſame Sphere, 


P ROB L 
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The ſide of any of the five Regular Bodies being 
» ook To find the Sembdliamerey of a Sphere 
that will circumferibe the ſaid Bodies, 


If the Sphere be firſt given, take his Se-. 
midiameter, and to 1t open the Seftor in 
the points at S,and the Paralle] diſtance be- 
twixt any other of the Bodics will give you 
the ſide of the ſame Body, which may be 


A\ — 'C 

Di - {E 
nicribed in the Sphere : Asif the Semid1a- 
meter be AC, the ſlide of a Dodecahedron 
to be therein inſcribed will be DE. 

It the ſide of any other Body be firſt 
21ven, fit it over In his due points, and his 
parallel diſtance between the points S will 
Live the femidiameter of a Sphere which 
hall circumſcribe the ſame Body. 


S & C#.- +1; 
Of the Lines of Equated Bodies. 


Theſe are placed between the Lines of 
Lines and Lines of Solids , noted as the for- 
mer with theſe Letters D.1.C.S.O.T, ſig- 
ufying the ſame things. 

; L2 The 
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The Uſe is this, 

The ſemidiameter of a Sphere given, tg 
find the ſides of the five Regular Platonick 
Bodies equal to that. Sphere: Or the ſides 
of any of the five Bodies given, to find the 
ſemidiameter of a Sphere, and the ſides ot 
the other Bodies equal to the firſt Body 


'B 


Hf—- 


given. The work is the ſame with that 
of the former of inſcribed Bodies, ſo if the 
ſemidiameter of a Sphere be BC, the ſide of 
a Dodecahedron equal to this Sphere will 
be found FG, and of an Icoſaedron HL. 
and ſo of all the Reſt. 


SECT. 1. 
Of the Lines of Metals. 


TheLines of Mettalsare here joynedwith 
thoſe of Aiquated Bodies , and are noted 
with theſe Charaters, ©L hvYYC2, 
of which © Sol ſtands for God, Y Mercury 
for Quickſilver, Þ Satarn for Lead, ) Lt- 
na for Silver, Y Venus for Copper, d Mars 
for lron, and F Jupiter Tinn. 

The 


— 
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The uſe of them is to give a Proportion 
tetween theſe ſeveral Mertals in their mag- 
nitudes and welght, according to the Ex- 

riments of Marinus Gheraldus in his Book, 
called Promotus Archimedes. 


PK OS. £1 


In like Boazes of ſeveral Metals, and equal 
weight ; having the Magnitude of the one, 
Tofind the Magnitude of the reſt. 


| Take the Magnitudes given out of the 

. @ Lines of Solids, and to it open the Setfor 

- © in the points belonging to the Metal gi- 

NF ven; fo the Parallel taken from berween 
the points of the other Metals, and mca- 
{1rd in the Lines of Solids, ſhall give the 
\Magnitudes of their Bodics. 


PKOQOB- LE, .92, 


In like Bodies of ſeveral Metals and equal 
Magnitude, having the weight of the one, 
To find the we:ght of the reſt, 


Asif a Cnbe of Gold weighed 38 pounds, 
and 1t were required to know the weight 
ofa Cube of Lead, having equal Magni- 
tude : Firſt, I take 38 for the weight of the _ 
Golden Cube out of the Lines of Solids ,. 


I 3; and 
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and put it over in the points of Þ Saturn be. 
longing to Lead ; fo the Parallel Utſtance 
taken from Detween the points of ® So! (t21- 
ing for Gold, and mealured in the Line of 
Solids doth give the welght of the Leader 
Cube required, to be 137. 


FROB &6 2: 


A Paay be'ng given of one Metal , To mai; 
another like unto it of another Metal, art 
equal wes ht, 


Let the Body given bea Sphere of Lez., 
containing in Magnitude 16 4, whole Cia- 
meter 15 A A, to which I am to make 2 
{pherc of Iron of equal weight. 

[t I take out the Diameter AA, and pu: 
It over 11 the polnts of Þ Saturn beloi 
ing to Lead , The Parallels taken from 
between the joints of s Mars ſtai.ding tor 


Iron ſhall be AB the Diamcter of the Ir ol 
ſphere required, and this compared wit 
the other Dianmctes AA 1n the line of 3 
oe 5 » Witl be found to be 234. in Maz; al 
tuce, C13 theiength ofthe whole line, and 
from A tO C again. 


FRO [3 5 
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A Boy beings given of one Aectal, to make 
20 Ph like unto it of aviother Metal, acco;- 
aing to 4 weight given. 


As if the Body given were a fphcre of 
Leav, (or a Ronnd Lead Bullet ) whole 
Diameter 15. AA, and It Were require ed to 
5nd theDiameter (of aſphere of Iron) or of 
2n [ron Bullet, which Tron ſphere ſhai} weigh 
three times as much as the leaden ſphere or 
aller. I take AA and put 1t over in the 
mare hb which ſtands for Lead : His 

Andra taken from between the points of 

znifying lron, ſhall gLVEC me AB for tne 
amerer of an equal iphere of Iron : If 
this i be augmented in ſuch Proportion 25 1 
[0 3, it vi3 'e&s Ctor the Diameter required 
ota ip here three times the weight of tine 
itormer. 


w 


Having largely diſcourted of Geomutry in 
General, and of the three Famaus Geome- 
trical Figures, the Circle, Square, and Tri- 
angle, and having ſhewed yon the Making 
and nnring. oft theie, and the Reducing 
of allother Fignres, wh ether Regula fs or 
irregular, to yn or thete, if not to the 
two former, yetat Icaſt to the laſt of theſe, 

| A 1X, 
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Viz. a Triangle, and by conſequence to 
Meaſure the ſame, by the ſame Rules that 
Meaſure a Triangle (or Trigonometry); Ad- 


_ ding 1n conclulion the uſe of the Setter: 


| come now to Treat of Geometry according 
to the Proper and Genuine Etymology of 
the Word, which is derived from 31 [erra 
> uitew menſura, that is, Ihe Meaſurins of 


the Earth, and that (as elſewhere explained) 


to be underſtood the whole Globe of the 
Earth, containing Sea and Land : That 
which concerns the Landis called Surveying, 
and that which concerns the Sea, Navirar 
tior: And of theſe in particular. But firf 
of Meaſuring this whole Globe of Sea and 


Land to2cther in the General. 


OF THE 


GLOBE 


OF: HE 


EART 


ee. - 


CHAP. L 


To Meaſure the whole Globe of the Earth: 
comes #nder the Rules of the firſt Geometri-- 
cal Figure, to wit, the Circle, and that 4: 

Solid Circle, (taking it for granted, That: 

the Earth and Sea together make. one. Globus. 

lar or Spherical Body.) 


OW we muſt find the ſolid Contentof® 
a Globe by the ſuperficial Content:of: 
I 3 a' Globe,, 
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a Globe, and the Superficial Content of a 
Globe by the ſuperficial Content of a Cir- 
cle, having thelike Diameter. This Dia- 
neter, we mult find by the circumterence 
of the izame Circle : And laſtly, This Cir- 
camfercrce (2s all other Circumſcrences 
whatiocicr} muſt contain 360 deeprees 
No! v if "a won!d rake the circamference; 
of t :1th both Sea and La:d in Enp- 
Liih Mt = we muſt know how many 0! 
thelc lttes pon the Earth are aniweravle 
£9: BL 2rec In the Heavens 

int C jalt Quantity and Meaſire of a 
Dog the Common Rule Is much ont, 

11Ch actounts 5 Foct toa Pezces aid - Ty 

acts, ze. 50co fect to a Male, an 60 
\ites,. or 39200 Feet to a Devi ce. 
The Fnolih Nile, which by the Statute 
Tnevihat more, then this will nor 

e turn, WhICh 15 thus,:.16; Feet make 
©1e, 40 Poles a Furlong, , 8 Firlongs 
Mile, © 0 ſach Miles contain 316800 "pug | 
By thts account 1760 Yards 1s a Mile. 

Pi it? Mr. Nerword's Experiment by know 
197 the cifference of Elevation of the Pol: 
met w1IxE YVerk and London, and meaforin 
ently the way betwixt them, paſles. tor 
CUrrent withell the Mathemarictans | mect 


ck 


%% 
1 
” 


CURING ht was made on this mail- 
r.er. faie 11. 1635, At Tork, by an Arch 


or a Sextan of more tian 5 Foot femidia- 
meti.cT:z 
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meter He' took the Meridian Altitude of 
the Sun, which was 59 Degrees, 33 Minutes, 
Latitude 53 4, 58 mm. June 11, 153310 
London he id the fame, and found the Me- 
ridian Aititude of the Sn to ve 62 Degrees, 
1 Minute; in Latitude 51. 32 : Now de- 
duting the Jeb latitude from the greater, 
there remains 2 Dezrees , 29 Minutes , 
which ts the difference of L1 Urude, ( York 
being in 53 degrees 55 Minnt _ and London 


[151 Degrees 32 Minutes) as 2Dove no- | 
ted : SO by this was found 69 Engliſh or 
TA tute Miles ; 4 Furlongs, 14 Poles, 5g Fezt 


na dezrees or 367200 Feer. Bit to make: 
bo F: 'ol:jp Mes in a Degree, each Mile 
onzht to contain 6120 Feet : Theſe multi- 
ply od DY GO, MAKE 367209 23 above, and 
thoſe avain by 360 18 132192000 Feet for 
thecirermterence of the whole Earth. 

Now a:cording to this obſervation of 
Mr. Norwoods, there will be according to 
itatute Meaſure 69 Miles, 4 Furlongs, 1 
Poles and 9 Feet Evgliſ in every Degree. 
Yet that we may not ſeem todilter fo much 
from former Writers, and the Common 
Accornt we ſhall ſhll reckon, only 60 Ern- 
gliſh Miles to a Degree, an allow ſo many 
more feet to a Mile, viz. 6120 Feet, and. 
2240 yards ; and it we cannot. allow 
them the rame of Enz/i{ Miles, we may 
call thom Mathematical Miles, (though nos . 

queſtion: 


—_—_—_ aey>- a ot egs aha e OH 
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queſtion but our Torkſhire Miles may allow 
of the ſame Length.) Therefore, 

Firſt, co Miles allowed for a Degree, 
that multiplyed by 360, makes 21609 
Miles for the whole circumference of the 
Earth, 

Secondly, And by this Circumference to 
find the Diameter, Multiply 21600 by 7, 
1S 151200, and that divided by 22, makes 
6872. for the whole Diameter (according 
to the Rule, po. 78.) the ſemidiameter 
(rcjeting the Fraftion) is 3435 Miles to 
the Center of the Earth. 

Thirdly, Now having the Diameter, to 
find the Area or ſuperficial Content of a 
Circle having the like Diameter: (by the 
third Rule , paz. 78.) Multiply the Dia- 
meter by it telf, that is, 6852 (omitting 
the Fraction) by 6872, it produceth 
47194334 Miles; this Multiplyed again by 
1', makes 519138224, and divided by 14, 
the Arca of the Circleis 3708 130 Miles. 

Fourthly, This ſuperficial Content of 
the Circle multiplyed by 4, (by the Rule, 
pag. 80.) produceth for the ſuperficial Con- 
tent ofthe Globe 148325204 Miles. And, 

Fitthly, For the folid Content, Multi- 
ply the ſuperficial Content by the ſixth part 
of the Diameter, viz. 1145',and it brings 
forth 1698816003147, which are ſo many 
ſolid Miles 3 or the ſolid Content in Miles 


(of 
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(of 6120 feet in a Mile) of the whole Ter- 
reſtrial Globe, containing Sea and Land. 
ind ſo much concerning the Meaſuring 
of the Earth in general : It follows 
that we Treat cf Surveying and Navigation 
in particular ? Only by the way take 
thele two Corollaries. 

i. Suppoling the aforeſaid Diameter of 
the Earth 6372: Miles. If you imagine 
2 hole throngh the Earth, and that a Mil- 
fone ſhould be let fall down into this hole, 
2:0 tomove a Mile ina Minuteof time, it 
would be more than two days and a half 
tefore it would come to the Center, and 
teing there, would go no further, but as 
It were, hang in the Air. 

2, Suppoſing the Circumference 21600 
iles, If a Man ſhould go every day 20 
Miles, it would be three years wanting but 
2 Fortnight before he could go once about 
the Earth. 

And if a Bird ſhould fly round about itin 
two days, then muſt the motion be 450 
Miles in an hour, 


Surveying in aſiritt and limited ſenſe m1 
taken oily For the 1 fcaſuring of fvme prcee 
pareet of Land: But in a larger friſt, ! 
take it here for the ta'tng o' all mwiner @; 
Fletghts and Diſtances at Land, when: 


the ſame be Acceſſible, or Inacceſſible. 


Aking of Heights being a Reſo!r- 
ing of a Triangle, ſtanding vp 
wards or vertically up6n his Ho- 
rizontal Baſe, and taken by a Quarait' 
with Thread and Plummet : Taki: 2 Ol 
Diſtances is a reſolving of a Triangle (!1;- 
poſed to lyc Horizontally Flat,) and tak? 
by a Theodolite or ſuch like Inſtrument » 
which is no other but a Quadrant layd F!:: 
Wil 
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rith an Index, and Sights inſtead of a 
\read and Plummet : Not to exclide o- 
her Inſtruments, as the Croſs-Staff ; for 
king both Heights and Diſtances both 
at Sea and Land ; but eſpecially at Sea : 
% alſo the Plain Table, an Inſtrument 
ery much admired by many, of which you 
ll hear more hereater. 

43 likewile I ſhall fay ſomething of the 
Circumicrentor, another Uſeful inſtrument 
for Surveying 3 but that which 1 do moſt 
mire and vſe,ts theQuadrant for Heights, 
2nd the Theodolite for Diſtances, which 1s 
70more but a Circle,a Semicircle,or Qua- 
irant layd Flat, divided into Degrees and 
Minutes with an Index and Sights, as any 
«her Quadrant (properly ſa called) is held 
wright, and uſed with a Thread and 
Plummet. 

oth theſe (that is) both the Quadrant 
ind Theodolite may be notably ſupplyed by 
Cunters Sector , being ſet at the diſtance 
ofa Quadrant (or go degrees) and having 
a looſe piece faſtned with two Mortices, 
ad divided into Degrees for the quadran- 
tal ſide, having alſo a Thread and Plummet 
laltned in the Center, when you uſe it one 
Way for a Quadrant, end a Pin for an 
Index and Sights to turn upon when you 
ue it the other way for a Theodolite, be- 
U2 Ulually each Leg 2 juſt foot in agel 
rom. 
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from the Center ; the Quadrantal or look 
piece may be firſt divided into 90 degree, 
and cvery degree into + parts, ſo that eve. 
ry one of the leſler Diviſions are io Mj. 
nutes, and theſe 10 may be ſuppoſed to he 
ſubdivided into other 10, which ſignifie ſin- 
gle Minutes, which is as much as may he 
for an Inſtrument of nv larger Radius. 
When 1t 1s uſed as a Theodolite,there muſt 
be ſcrewed to it a ſocket of Braſs, whereby 
the whole. Inſtrnment may turn upon the 
top 0! a three leg'd ſtaif(hooped alſo with 
Braſs, as there ſhall be occalion) with 7 
ſcrew on the ſide of the ſocket to faſten 
the Inſtrument upon the ſtaff in any politi- 
on you delire: There may be alſo (to make 
it compleat) a Card and Needle ſcrewed 
upon the Center, and the Index which car- 
ries the ſights, being twice the Length of 
the Legs, (thatis) 2 foot long, another of 
the ſame length without ſights may crok 
it at Right Angles; ſo that making a per- 
fe crois, moving upon the Center as one 
part goes off the Quadrant, another comes 
on, which 1s as good as if it were a whole 
Circle. This may ſuffice for the deſcripti- 
on of the Quadrant and Theodolite , | (hall 
now ſhew you how to take Heights and 
Angles of Altitude by the Quadrant,and to 
take Diſtances or Angles of Poſition by the 
Theodolite: And to take both Heagho 
an 
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rd Diſtances by the Crols-ſtaff, whether 
te fame be Acceſſible, or Inacceſſible. 


EFAECE i 


; take any Height or Altitude, whoſe Foot or 
Baſis is acceſſible at one ſtation. 


This is no more but the reſolving of a 
zin Right Angled Triangle. As ſuppoſe 
the perpendicular CA were a Tree, Tower, 
or Steeple, or any other thing whoſe Height 
srequired. Firſt, ſtanding at any conve- 
rent diſtance from the foot of the Object 
tobe meaſured as at B, ard there looking 
through both the ſights of your Quadrant 
ll you eſpie the top of the Altitude at Cz 
voſerve what Degre2s and Minutes are 
cut on the Limb of the Quadrant by the 
Thread, which ſuppoſe 30 degrees, as In 
the Example : Theſe 30 degrees are the 
quantity of the Angle CBA, (or more plain- 
ly to call it the Angle B.) Now becauſe 
that every right lin'd Triangle contains 
139 degrees of a Circle, and every right 
anglecontains go of them ; the Angle A 
teing a right Angle, the other two Angles, 
that is B and C muſt contain other go, 
whereof B by the Quadrant appears to be 
39: Therefore C muſt needs be 60 degrees, 
the complement of 3o to go, And gh 

ou 
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"You muſt meaſure by a Yard, Chain, or 
Two foot Rule, the Baſe of the Trins! 
that is, the ſpace or diſtance betwixt Þ, th 
place of your ſtanding, and A the {ct 6 
bottom of the Altitude (which {up ; 
be 400 foot) As in the Example. 

Now theſe three parts of the Tria:s 
being given or known, that is, two An?! 
and a {ide,viz. the Angle B 39 degrees, 
by conſequence the Angle C 60 degr 
the length of the Baſe 400 Foot : Yo. m: 
by Trigonometry and the Rule of Prop: 
tion find any of the other three parts 6 
the ſame Triangle, viz. the Angle A, tl 
Hypothenuſe BC, or (that which 1s he! 
required ).the Height or Length of t 
Perpendicular CA. You will find that arj 

Angle or ſide, ( and conſequently this (i 
the perpendicular here required) ma! t 
found ſeveral ways, but by theſe thr: 
wales eſpecially : Firſt, By ProtraQtior 
pag. 85, 86,87. Secondly, By Arithmet! 
cal Operation, pag. 137, 138. But eſpect 
ally by that general Rule in Trigonom: 
try, pag. 141 that every Angle 15 pro 
portional toits opp ofite {ide, and every lic 
to Its oppolite Angle : Therefore as t!! 
Angle C 60 Degrees is to the known lic! 
BA 400; ſoisthe Angle B 3o Degrees i 
its oppoſite ſide ſought ; the Perpendiculz! 
CA, or the Height required, which 15 1 


nor. 
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more but performing the Rule of Three 
(or by theſe three Numbers given, to find 
a fourth ; ) either firſt by Logarithmes, as 
5 taught pag 41. Or, Secondly,By the Lines 
of Numbers, Sines and Tangents, pag. 41. 
Or laſtly, by the SeCtor, pag. 150, 151. by 
Mplacing the Numbers on this manner. 


\r 


Ee. 


He 
Ww ,Base, AO Foot | 
1 4 Z 2. 


= 


It 60 degrees give 400 Foot, what gives 
30 Cegrees? The Anſwer by all the fore- 
J-cntioned ways will be found tobe 2 3 1 ferc 
Wie length of the perpendicular, or the 
*l2ht required: But toavolid Repetition, 
"WF ball refer the Reader to the pages afore- 
oFcitioned for the manner of Operation. 


) 
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To take an Inacceſſible Altitude at Two Stu | 


t10Ns. 


For the effeting hereof, you mult take 
two obſervations at two ſeveral Stations 
with your Quadrant. Let the Line BC in 
this Example repreſent ſome objeft, whok 
Height is required, and by reaſon of ſome 
Water, or other obſtacle interpoling it 
ſelf, you cannot come to the foot or bot- 
tom of the Obje&t or Altitude : Let your 
firſt ſtation be at A, where with your Qua- 
dranteſpying the top of the Altitude BC, 
the Thread and Plummet cuts 50-Degrees. 
Secondly meaſure upon the Ground from A 
to D 200 foot, and again ſtanding at D, 
and eſpying the top of BC, obſerve what 
Degrees are cut by the Thread upon the 
Limb or Edge of your Quadrant , which 
ſuppoſe 64 4. Then fall to ProtraCting, and 
firſt draw an Angle at A 50 Degrees, and 
meaſuring 200 foot to D, protract there a! 


D another Angle of 64 degrees, and from B, 


(that is from the point where the two lines 
AB and BD do interſe&t or cut one ano- 
ther,) let fall a perpendicular, as is taught 
P48-55- Probl. 3 and meaſure the Lengti 
of the ſaid perpendicular by the ſame "oy 

"DJ 
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by which you laid down the diſtance be- 
jixt your two ſtations (viz, 200 foot) 
and you will find the perpendicular to con- 
tain 560 Feet, which 1s the true Height re- 


7 quired. 
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You may alſo do this by reſolving the 
tro Triangles by Logarithmes, or by the 
lines of Numbers, Sines, and Tangents,&c. 

Note that in taking all manner of Alti- 
tudes, whether acceſſible, or inacceſſible , 
you muſt alwates add to the height found, 
the height of your Inſtrument from the 
eround. 

Heights may be alſo taken by an Aſtro- 
it : As alſo by a Quadrant, which repre- 
ents the Tangents of a Circle (as in the 
following 
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following Example,) with an Index er 
Sights; for as the Radius AB 1s to the 
Tangent BC, ſo is AE the diſtance to ED 
the Altitude. 


£E.CT 6 


By the Height of the Sun, and length of ti: 
ſhadow , to find the Heioht of any Tre, 
Houſe, Steeple, or the like. 


Firſt, Take the Suns Height by a Qua- 
drant, which ſuppoſe 37 Degrees, and tie 
length of the ſhadow of the ſaid Tree, 
(which ſuppole 40 Feet) Then fay as R# 
dius to the length of the ſhadow ot ti 
Tree 40 Feet, 10 is the Tangent of ti 
Suns height 37 Degrees to the height of 
the Tree delired, viz. 30 7, feet. 

Note that when the Sun is 45 ore 

1M 
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2h, then the ſhadow 1s equal to the 
icht ; at 26d. 56 n, the length of the 
dow is double to the height; at 18 4, 
2m, it 15 3 times; at 14d. 44%. It 1s 4 times 
te Height, and at 11 4. 31 m. the ſhadow 
5 times the Height of any Altitude. Or, 
: may know the Height of any thing by 
walking-ſtaft, or a Yard, or a two toot 
ile by the ſhadow, thus. 

Wl $ct the ſtaff upright, and meaſure how 
ten the ſhadow of the ſtaff 1s longer or 
porter than the ſtaff, ſo in proportion 1s 
he ſhadow of the Tree to the height of 
be Tree it fel, The like may be done by 
Maſons Scjuare ſet upright. 


SE-C-3o- 4. 
itite the Height of any thing acceſſible by 2 
ſtraws or ſticks laid croſs one another. 


'M Take two ſtraws or ſticks of equal 

"Mpth, and faſten them perpendicularly 
01s one another Juſt in the middle of both, 
4 go backwards or forwards till the 
Mttom and top of the Altitude be even 
th the ends of the Croſs-ſtick, laying 


wr Eye to the end of the other ſtick, and 
len is the height exactly as much as the 
tance meaſured to the Foot of the Alti- 
We, adding to the Height found the 


*1gat of your Eye from the ground. 
| SECT. 
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To take an Altitude by a Bole of Water, | 
ordinary Looking-glaſs. 


Place on the ground a Bole of Water 
which done, erect your body ſtrait up, ar 
go back in a right line from the building o 
otherAltitude,till you eſpie in the Center 
Middle of the Water the very top of it 
which done, obſerve the place of your ſtar 
ding, and meaſure the height of your E; 
from the ground together with the 
ſtance of your ſtanding from the Water 
and the diſtance of the Water from tt 
Baſe or Foot of the Altitude : Then day : 
the diſtance from your ſtanding to the w: 
ter is to the Height of your Eye; ſoist! 
diſtance from the Water to the Foot 0 
the Altitude, to the Height of the Altituc 
required. T he ſame may be done by a Glab, 
the Glaſs be placed Horizontal,or Flat upo! 
the ground, and the Eye ſee thetopof ti 
Tower, &c. in the Angle or edge of th 
Glaſs, and in the Line of Refleion : 1 [hu 
give you only one Example for both : Su] 
poſe the Bole of Water or the Glaſs be 1 
which laid flat upon the Ground, or Ho! 
zontal ; go backwards tjll you efpie t' 
top of the Altitude E, then meaſure Þ0 

mat 
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many parts 15 from your ſtanding at B to 
A, andalſo fromB to your Eye at C, like- 
wiſe the diſtance from A to D, and then 
T ſay as the diſtance BA 101s to the height 
'Y of your Eye from the Ground CB 14, fo 1s 
"'Y the diſtance from A to D the foot of the 
F Altitude 23: to the Altitude required , 
WY which you will find 28 of the ſame parts. 


0! — — 
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FT Hos mock may ſuffice for taking of 
A Heights, in the next place we come to 
ny ſhew How to take Diſtances, and that (as 
i | told you before) is done the beſt by the 
Theodolite, which is the moſt excellent 

K __ *Inſtry- 
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Inſtrument for that uſe (eſpecially as I have 
contrived 1t upon the Sector} and allo the 
molt portable for conveniency of carriage; 
I ſhall only add this contrivance, that in- 
ſtead of a three leg'd ſtaff you may have 
only an ordinary walking-ſtaff with an 
Hoop inſtead of the Head for the ſocket of | 
the I-ſtrument to move upon, and inſtead 
of threelegs, only a Brals cheap at the cid 
to prick it down in the ground ; and thc 
ſtaff may be made with hollow Cates to pit 
in the croſs peece, the Index, and thc 
Sights, andit you pleaſe, a pair of Com- 
palles, whereby it becomes a general In(tru- 
ment both for obſervation and Calculati- 
on , the Sector you carry in your Pocket, 
and the Staff in your hand, appearing no 
other bat an ordinary walking Staff, which 
for neatnels and portability exceed any 0- 
ther contrivance I meet with. 


FECT 7: 


But to come to Praflice, and by the Theodv'it 
ro find the Length or Diſtance of any p/ace 
from you, bow far ſoever it be. 


This (as was formerly hinted ) 1 n0 
more but the reſolving of a Triangle tp- 
poicd to lye flat or Horizontally upon ti? 
Ground ; As the taking of Heights 15 a 

rei.” 
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reſolving ofa Triangle, ſtanding vertically 
or upright upon his Horizontal Baſe: To 
hew you how to dolt, take this Example. 

Suppoſe you ſtanding at B, and at A 
there were a Fort or Caltle, or any other 
object, whoſe diſtance you deiire from the 
place where you ſtand. 

Firſt, By your Theodolite placed at B 
lay the Index with the Sights upon the 
Diameter, where the Degrees take their 
beginning, and thorough the ſights eſpic 
the Caſtle at A, the body of your Inſtru- 
ment. ſo reſting or ſcrewed faſt upon the 
ſtaf, that it ſtands on, move the Index 
with the ſights to go degrees, which make 
: Right Angle. There eſpie ſome other 
m:rx, as at C, then meaſuring the diſtance 
2twixt B and C, (which ſuppoſe 73 per- 
hes) remove your Inſtrument to-C, your 
Inſtrument removed to C, therc with the 
I1cex and Sights upon the Dtaineter where 
the Degrees take their beginning, Eſpy ont 
your firſt ſtation atB, then turning the 
Index with the fights till you again eſpic A, 
Where note what Degrees are cut ; ſuppole 
61d. 45 m. the complement whercof to 
904d. 13 28d. 15 mm. for the Angle at A- 
Therefore you have two Angles and a ſide 
even to find another lide of the Triangle, 
ABC; for you have the Angle at A 28 d. 
15m. and 1ts oppoſite ſide BC. 73 perches, 

2 and 
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and again you have the Angle at C 614. 


45 m, which holds the fa ve proportion 
to its oppolite ſide BA, which is the di- 
ſtance required. 

Which ſide or diſtance you may find by 
Reſolving the Triangle either by Protra- 
ion, as in paz. 1324 133. or by Arith- 


metick working by Logarithmes,aspag- 31. . 


or by the Lines of Numbers, Sines and Tan- 
gents, pag. 41. for as 28 d. 15m, 1St073, 
lo1s61 4d. 45 m. to the fide BA 137 per- 
ches : and (if the other ſide C A be required) 


ſo 15 Radins or 92 degrees to its oppolite 


ide by the general Rule in Trigonometry,. 
747. 141, belng 156 perches. 


SSA EX; 3; 


To find the diſtance betwixt any two Forts, and 
yet come near neither of tnem. 


Suppoſe C one Fort, and D another, and 


you are to find the diſtance betwixt them, 


and come nearer neither of them than A 
2nd B Firſt place your Inſtrument at A, 
and laying your Index upon the Diameter 


through the fights eſpie the Fort at C; the 
Inſtrument ſo reſting, move the Index till 
through the ſights you eſpie D, which will 
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where the Degrees take their beginning, - 


& when the Index cuts upon the Limb 49 
K 3 Degrees, \ 
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Degrees, Which is thequantity of the Ar. 
gle CAD; Then moving your Incox till 
throvgh the Sights you eſpic your ſecond 
Itztion at B, then you will find the Index 
to cut 107 Degrees, which is the quantity 
of the Angle CAB: Then meaſure the i. 


ſtance betwixt A and B your firſt ſtati- 
on and ſecond, which ſurpoſe 3o ; then 
removing your Inſtrument to. Þ, lay your 
Index with the fights upon: the Diameicr 
where the Degrees take their beginning,and 
move the body of the Inſtrument upon tic 
ſtzfF, till through the fights you efpie the 
Place of Your {ir{t ſtation Ay thcre {crew 

your 
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your [nſtrun Maſt, and move the Index | 
till through the ſights you efpie the firſt 
Fort 3gain at C, and obſerve: how many 
Degrees are cut by the Index, which you 

will find 54 degres, 'or the Angle ABC: Þþ 
Taftly move your trdex, till through the | 
ſghrs you efpie the ſecond Fort at Df atid 
there obſerve what degrees are cut by the 
Index, which yoo will find 97 degrees, or 
the Angle ABD. 'Note theſe ſeveral obler- } 
rations as 'you take them, and then upon. F 
Paper protract the ſame - As Firſt, Draw F 
your Stationary Line AB, and upon the F 
point A protradt the Anples ay and 107 4. 
Likewiſe upon B protract the Angles 54 
and g7 d. and laſtly draw the line CD from F 
the points of Interſection at C and D, and | 
that meaſured npon the fame Scale whence 
your Stationary diſtance was taken , will 
ſew you the true diftance betwixt the Forts 
Card D, which was the thing required. 
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How to take the Diſtance of divers places ens | 
from another according to their trite Scitua- 
ton in Plano, flanding at ſome convenient 


diſtance 


Make choice of two convenient Stations 
(taken as large as you can, whereby your 
K 4 '-.:,- WOrCk 
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work will be the truer} n which att 
ons you may plainly difcern all the marks 
or places whoſe Diſtances you would take : 
As ſuppoſe K and L to be your two Stati- 
Ons ; Firſt then, place your Inſtrument at 
L, and turn the whole Inſtrumeat-about , 
till through the ſights on the Index lying 
. Upon the Diameter, (that is, where the 
Degrees take beginning) you eſpie your 
{ccond ſtation at K, which found, faſten 
your Inſtrument : Then moving your [n- 
dex with the ſights, till you eſpie the mark 
at A, noting how many degrees are cut by 
the Index to the end you may protratct the 
ſame when you have dane your obſcrvati- 
on, and after the ſame manner more the 
Index, till through the ſights you eſpic all 
the reſt of the marks one after another, 
as BCDEF, noting down the ſeveral Angles 
from the Stationary Line KL. Then re- 
moving your Inſtrument from L to K, mea- 
{ure the Stationary diſtance betwixt Land 
K, which ſuppoſe 800 foot, as in the Fx- 
ainple, when you come to protract, pricx 
out this dittance from a Line of equal parts 
upon the line K Lz, and placing your 'n- 
ſtrument at K, lay the Index upon thz 
Diameter, anc turn the whole Inſtrumen” 
avout till through the back lights you elpic 
your firſt [tation Lz and there ſcrew it fall 
then moving the Index, direct your ſight 
19 
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lo as to efpie the ſeveral inarks at. ABCDE” 
FG, obſerving and noting the ſeveral An- 
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gles which eachmark makes from the Sta- 
Lionary Line KL as before ; and upon Pa- 
per protract all the ſaid Angles at K, and 
crawing Lines at length to include thoſe 
Ang les, where theſe Lines meet orinterſet 
tne other ſeveral Lines drawn from the 
point L 3 In that very point of interſeCtion 
makea mark, and ſet to it the name of the 
tiling repreſented thereby ; as it A be a 
hurch- Steeple, B a Wind-mill, or the 

like: Ard after they be thus protracted 
upon Paper, meaſure with your Compalks 
the iftance trom each place from the 
P-int K or L, or the diſtance from one of 
t::cſe marks to another, as from A to3B, 
fromB to C, cc. Theſe diſtances mealu- 

red npon the ſame Line or Scale of equal 
parts, by which the Stationary diſtance be- 
twixzt K and L were at firſt laid down, will 
ſhew the true and exatt diſtance betwixt 
cach place reſpectively. 

As for Example, To find the diſtance 
betwixt C and D, meaſure 1t with your 
Compaſles upon the ſame Line of equal 
parts, from which your Stationary diſtance 
was taken, and you will find it to be 220 
foot, ſo from K to C will be 500, from K 
to D 810, iromL to C go, fromL to D 
875 foot, and fo of all the reſt; whereby 
you may percelve this is the ſame with what 
is tavght pag. 197 ; only that is taking the 

 Ciſtance 
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diſtance betwixt 2 places only, and this be- 
twixt many at tlic ſame time, andupon the 
ſame ground ; and you may further diſcern, 
that theſe are no more but the Reſolving 
of. Triangles by Protraftion , wherein 
two Angles and a Side are gl1ven ;. the reſt 
of the Sides and Angles (if need be) may 
be found as by protraction on this manner, 
ſo likewtle by Arithmetical Operation al- 
(0, which | leave on purpoſe to exerciſe the 
Readers lngenuity, and paſs on. 


—— —_— Ee et ” 
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To take a long Diſtance 
without the help of any 
Inftrument, unleſs it be 
only ſuch an one that will 
airett you readily to ſet 
out a Right Angle, as 
any ordinary Carpenters 
Square, or the like. 


Obſerve the Figure, 
and let C be your ſtand- 
ing place, and let E be 
the mark afar off, whoſe 
diſtance from C you 
would know. 

Firſt, Move in a right 
Line between C and E 
to A any number of 
yards or perches, as ſup- 
poſe 5o, and ſet up a 
Staffat A, then move in 
a perpendicular Line to 
CE from A to B, mak- 
ing a right Angle at A 


4 any diſtance, ſuppoſe 66, 
HD and ſet up another ſtaff 
at B, then come back again to C, and re- 


move 
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ore in a-perpendicular Line to CE, till 
02 ſee the mark ſet up at B, and the point 
ina Right Line, and ſet up ancther Staff 
that place at D, getting the. exat Di- 
ance thereof from-C,- which ſuppoſe 76 ; 
ben ſubſtr2Ct the meaſured Diſtance AB 56 
om the meaſured Diſtance CD 76, and 
ate the Remainder, which is 10. Then 
the Line of Numbers, or by the'Rule of 
roportion. 

As the Difference between AB and BC 10 
to the diſtance between A and C 50, ſo 
the meaſured Diſtance CD 76 to the Di- - : 
ance between Cand E 380. Or, Sois the 
pom Diſtance AB 66 to the Diſtance 
IC 330. ; 


200 ome, _ 


TT ON _ _ 


SECT. x. 
ttake a Diſtance by a Carpenters, or Maſons 
Square, 


Take a Square with two Sights on one 
le, faſten it to the top of a Staff, which | 
Ippole 6 foot high, moye the Square, ſo | 


'* 


/ 
f 


[4 6ſcot 
{ 


IQ foot 


205 Of Survezing, BOOK 1 


that through the Sights you eſpie the this 
which you defire to know how farit is 0 
ſtant from you : Then obſerve the diſtanc 
betwixt the Staff (faſtned te the othy 
{ide of the Square where. the ſights are no; 
and the6 foot ſtaft which ſuppoſe 2 foot 

Then obſerve as often as that diſtance | 
contained in the length: of the ſtatt, ſom; 
ny times1s the length of the ſtaffcontai; 

in the Diſtance required. As how manj 
times 2 In 6, that is 3 times, , Then 
3 times 6 the length of the Staff is 18, thy 
diſtance required. As in the Examplc. 


SECT. 6... 


To Meaſure an Inacceſſible Diſtance, « 
the Breadth of a River with the help of ont 
Flat only. 


Having your Hat upon your Head, con 
near tothe Bank of the River, and holc 
ing your head upright (which may be dox 
by putting a ſpall ſtick to ſame one of you 
buttons toprop up the Chin) pluck do# 
the Brim or edge of your Hat until yo 
may but ſee the other ſide of the Watt! 
then turn about the body in the ſame Þc 
ſture towards ſome plain, and mark wht 
the ſight: by. the brim of the Hat glanceti 
on the Ground ; For the Diſtance from t1! 


place 
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Whzce to your ſtanding is the Breadth of [ 
Wie River required. | 


$$ E CF. 7. 


How to take the Breaath of a River exattly. 


Place your Theodolite, (or any other 
inſtrument whereby you can take Angles; ) 
tE obſerve ſome mark on the other ſide 
he River, as at D, and obſerve an Angle 


2, M$ wire HH (© fit - <> gt oe ence AA APs 3 


E 


o190 Degrees betwixt Dand F, which may 
be either on the Right Hand, or on the 
ft, fo.far.in the:Line of 90 Degrees, till 
You 


© 
I IF - = are — Wc + « _ 0 —— "ms S we 
Char 34s en SEE As line ron > ns _—__ _ as 
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you eſpie the mark D' doth juſtly makeq 
Angle of 45 Degrees with the mark E, af 
this will be when you come to F ; then me: 
ſure carefully the Diſtance E F, and thi 
ſhall be exactly equal to the Breadth of thi 
River. DE : An Angle of 264. 3o m. make 
the Diſtance double to the Breadth, ©: 
and ſo by other Angles, but the beſt and 
ſureſt 1s 45d. if you can uſe no other: 
So likewiſe by the ſame Rule may be taken 
the Diſtance of any Cape or Iſland from you 
at Sea, or any other Acceſſible Height, or 
Inacceſlible Diſtance at Land. 


—_— Du rs. ah 


CHAP. IV. 


Toe take both Neights and Diſtances ty 
Gunters Croſs-Stafſ. 


HE neceſſary parts of this Inſtrument 

are theſe , The Staff, the Croſs, and 

the 3 Szehts. The Lines inſcribed thereup- 
on are of two ſorts: 1. Either for Calcu- 

lation : Or, 2.For Obſervation: The Lines 

for Calculation are the Lines of Artificial 

Numbers, Sines, and Tangents, whercot 
we have ſpoken largely, The Meridian 
Line for drawing of Sea-Charts ; As allo 
the Lines of verſed Sines, Chords, ih 
; WIC 
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ich I ſhall ſay nothing of in this place. 
ie ſecond ſort of Lines inſcribed upon 
ke [Inſtrument are for Obſervation : Firſt, 
"MS Line of Tangents for. Obſervation of 
"Woples. Secondly, A Line of equal parts 
"Wot only for taking Angles, but aHMo for 
"W:kjog perpendicular Heights and Diſtances. 
The Tangent Line on the Staff may be 
own by the double Numbers ſet on both 
"Wides of the Line, beginning at one ſide at 
©» and ending at $0, and on the other ſide 
+ 49, andending at 180. On the Crols 
there are two Tangent Lines. 


"Wi 


3 -- C2. ©» 


-1, A Tangent Line of 36d. 3 mm. num- 
bred by 5, 10, 15, t0-35, the midſt where- 
ff is at 20 d. and therefore I call it the 
Tengent of 20, and this hath reſpect unto 
204. 11 the Tangent on the Staff. 
2, A Tangent Line of 49 4. 6 mm. num- 
WF ored by 5, 10, 15, to 45, the mid{t where- 
oils at 30.4. and hath Reſpect to 3o0d..in 
the Tangent on the Staff, and therefore 
wk the Tangent of 30. The Uſe of theſe 
ollows, 


SEE Fc 
To find an Angle by the Tangent on the Staff, 


Let the middle Sight be alwaies ſet to 
the 
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the middle of the Croſs, noted with 204 
30, and then the Croſs drawn nearer | 
Eye,until the marks may be ſeen clok wie 
In the ſights : For if the Eye at A (ther 
of the Staff) which-is noted with go i 
180, beholding the marks K and N betwe 
the two firſt ſights C and B, or the ma 

K and P between the two outword lichii 
the Croſs being drawn down to H, ſh; 
ſtand at 3oand 6o in the Tangent of th 
Staff: it ſheweth the Angle KAN is 30 
the Angle KAP 50 &. the one double t 
the other, which is the reaſon of the do! 
ble Numbers on this Line on the Staff; an 
this way will ferve for any' Angle from 2 
towards 90 4. or from 4b to'180 4. hut ! 
the Angle be leſs than 204. we mnt the 
vie 'the Tangerits on the Croſs. 


8 CT. 3. 


1 o. find an” Angle by the "Tangent of 20 © 
» Fe Croſs. af | 
OH 3G HET 9 


Set 20 unto 20, that is, the middle ſight 
to the midſt of the Croſs at the end of ti! 
Staff noted with 20, ſo the Eyeat A beho!: 
ding the marks L andN cloſe between t! 
twohrſt fights C and B, ſhall ſee them in 7 
Angle of 29 degrees : If the marks {þil 
be nearer together as are M and Ny 

then 


——O— 
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en draw the Croſs in fromC to FE: if 
Whey be further afunder, as are K and N» 
When draw out the Croſs from C to F, fo 
je Quantity of the Angle ſhall be ſtill 
Wound in the Croſs in the Tangent of 20 4. 
Wt the end of the Staff; and this will ſerve 

or any Angle under 20, and ſo to 35 De- | 
Wrces- 


"8::& & 4+ 


3, 


We find an Angle by the Tangent of 30 upon 
the Croſs. 


\ This Tangent of 30 is here put the ra- 
ther, that the end of the Staff reſting at 
the Eye, the hand may more ealily remove 
the Croſs: For it ſuppoſeth the Radius to 
t no longer than AH, which is from the 
Eye at the end of the Staft to Zo 4. about 
?2 inches and 7 parts, wherefore here ſet 
the miedle fight to 30d. on the Staff. and 
then either draw the Croſs in or out un- 
til the marks be ſeen between the two firſt 
lights: So thequantity of the Angle will 
x found in the Tangent of 30, which is 
tere repreſented by the Line, GH, and this 
will ſerve for any Angle from 04. to- 
Wards 48 degrees. 


SECT, 
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TE CT4 

To take the Altitude of the Sun by Thrul& 

and Plummet. | | 
Let the middle ſight be ſet to the midtif 
of the Croſs, and to that end of the Staff 
which is noted with go and 180; then ha- 
vinga Thread and Plummet at the beegin- 
ning of the Croſs, and turning the Croſ 
upwards, and. the Staff towards the Sun, 
the Thread will fall on the complement ct 
the Altitude above the Horizon, and this 
may be applyed to other uſes alſo. Thu 
much for the Line of Tangents. 

The other Line for Obſervation, where 
by you may find both Angles and Sines 1; 
the Line of equal parts, which in G wer; 
upon the Staff is 36 inches, each inch dr 
vided into Tens, andeach Ten into Halls; 
and to anſwer it upon the-Croſs, 15 26. In- 
ches between the two outward lizhts. 


TECT0; 
To take Angles by theſe Lines of equal part! 


If the Angles. be obſerved between the 
two firſt ſights, there will be ſuch propor- 


tion between the parts of the Stafl, 
the 
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je parts of the Croſs, as between Radius, 
nd the Tangent of the Angle; as if the 
arts intercepted on the Staff be 20, the 
arts of the Croſs 9 : Then by Proportion, 
WK: :0is to 9 upon the Line of Numbers, ſo 
;the Radius to the Tangent of 24 d. 14 77. 
;pon the Line of Tangents - But if the 
gle be obſerved between the two out- 
ard Sights, the parts being 202nd 9, as 
"Mefore, the Angle will be double to the for. 
Wer, viz. 48 d. 28 m. 


SECT. 6, 


To take not only Angles, but Sides alſo by this 0 
Line of Equal Parts , which is, To take 
Heights and Diſtances. | 


hn i 


 AndFirſt, For Hetghts. 


In taking of Heights, you are to hold 
the Croſs upwards, and for Diſtances, to 
bold the Croſs ſidewaies , and the Eye 
placed at the beginning of the Staff, eſpy- 
Ing the marks by the inward ſidesof the | 
dights, there will be ſuch proportion be- 
twixt the Diſtance and the Height as is be- 
tween the parts intercepted on the Staff | 
and Croſs : The Ground whereof you will | 
ind in pag. 189, 


PROBL. 
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PROBE. t. 
Having the Diſtance from your ſtanding te ty 
_ foot of the * Altitude given , To findt) 
Fleight. 


As the Segment of the Staff is to ty 
Segment on the Crols, ſo is the Diſtance 
to the Height. As if the Diſtance AB he. 
ing meaſured, or knuwn to be 256 feet, i: 
were required to find the Height BC: Firſt, 
| place the middle ſight at 24 inches (or 
parts,) then holding the Staff level with 
the Diſtance, I raiſe the Croſs parallel to 
the Height or Top of the Altitude ; ſoa; 
my Eye may ſee from A, (the beginning of 
inches, or parts upon the Staff) by the light 
E unto the mark C; which being done, | 
find 18 inches intercepted on the Croſs tx- 
tween the ſights'at E and D: Therefore | 
ſay, the Height BC is 192 feet; for as 241 
to 18, ſo is 256 to 192 ; Orif the obſerva 
tion were to be made before the Diſtance 
were meaſured, I would ſet the middle light 
to 12, 16, 20, 24, or ſome ſuch Number 
might beſt be divided into ſeveral parts, 
and then work by Proportion : As Inthe 
former Example, Suppoſe 1 ſet the Sta'i 9 
24, and the Croſs to 18, it ſhews the Hcigh! 
1s } of the diſtance, therefore the Diſtance 
being 256,theHeight muſt be 192 as before 

| PROBL, 
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P ROB L. 2. 


ing Part of the Height given, To find 
the whole Height. S . 


As if the Height from G to C were 
own to be 48,and it were required to find 
» whole height BC. Firſt, put the third 
ht, or ſome other ſight upon the Crols 
ween the Eye and the mark G. Then, 
5 the Difference between the ſights E and 
45415to the whole Segment on the Croſs 
D 180, ſo is the Part of the Height gi- 
nGC 48 tothe whole Height BC 192. 


FEO84. 3, 


ond an Tnacceſſible Height at 2 Stations, by 
knowing only the Stationary Diſtance. 


AS the Difference of Segments on the 

alf is to the Stationary Diſtance , ſo is 
ve Diſtance on the Croſs to the Height 
equired : As ſuppoſe the firſt Station at 
+ the Segment on the Croſs E D were 

9, and the Segment of the Staff HD 
©. Then coming 64 Feet nearer to B iy 
direct Line towards the Height unto a 

*ond ſtation at A, and making another 
ſervation : Suppoſe the Segment of the 
Crols 
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Croſs ED were ſtill 180 as before, and 1; 
Segment of the Staff AD 240. Take 2; 
out of 300, the Difference of Segments w 
be 60 : Then ſay, 

As 60 the Difference of Segment; t 
64 the Stationary Diſtance (or Differerf 
of Stations) ſos DE 180 the Segment 
the Croſs to the Height required, it 
BG 192. 


PROD LL. 4. 


Having the Height of any thing given, tf 
the Diſtance. 


Secondly, For finding Diſtances. 


As the Segment of the Croſs (or the 
parts upon the Croſs which is all one) 15 tc 
the Segment of the Staff, (or the parts 
upon the Staff) ſo is the Height given tc 
the Diſtance required. For Example, * 
the Segment ED 18 on the Croſs is toD4 
24 on the Staff, ſois CB 192 the Heightto 
256 the Diſtance. 


PROB Lb, «. | 
' Having Part of the Height gven, To fina wt 
Diſtance. 


As the Difference between the Sig"! 
EF 4 
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EF 45 is to the whole Segment of the Staff 
DA 24, ſopart of the Height GC 48S is to 
the diſtance required, viz. AB 256. 


To find a Diſance it two Stations, by kzowins 
only the Stationary Diſtance. 


As the Diflerence of Segments on the 
Staff is to the Stationary Diſtance, ſo is 
L tne 
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& , * 


RY 
an * 
-0017 exrnduebbancs © 
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 EINGI 


ww 4% wh 192 


B 


the whole Segment of the Staff to the di- 

ſtance required. The Segment of the Crob 
being as before 180 The Segment of the 

Staft at the firſt Station 240, at the ſecond 

3909. The difference bet.veen theſe 60. 

The diſtance between the two Stations 64- 

Thea ſay, 


As 
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As 60 the difference of Segments 1s to 
64 the Stationary diſtance, ſo is the Seg- 
eh at the firſt ſtation 240 to the diſtance 
AB the firſt ſtation 256. And 1o 1s 300 
the Segment at the ſecond Station, to 320, 
the diſtance HB the ſecond Station. 

In taking a Breadth it 1s not materlal 
whether the two Stations be choſen at 
one end of the Breadth propoſed, or with- 
out it, Or WIESIN it ; If the Lines between 
the Stations be perpendicular unto the 
Breadth ; as may apptar if inſtead of the 
Stations at A and H , we make cnoice of 
the like Stations at Land KK, To conclude, 
[n all theſe there 1s regard to be had tothe 
parallax of the Eye, and his Height above 
the Horizon ; to the Semidiameter of the 
Sun, his Parallax and RefraCtion : As allo 
the Parallax and Retrattion of the Monn 
and Stars, if you will be ſo very exact; 
which you may ſee 1n this following Table, 


(- A Table 
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The Table of theſe Parallaxes according 
to the Obſervations of T «cho Brahe, 


The Table of Refrattions of the Sun, 
Moon, and Stars. 


| Alti- (Sun |Moon'Stars| [A'tt- un Moon 
rudes. |Min. |min. |min. | 'udes|min. | min. 
S 136 133-4 30 18 | - 6.46 
2x 1:26 | 35s ] 21 I9 $7 0 
2 120 ]20 | 15 201 41:40 

4 1045 144-3 0 i 41-5: 
4 Is | I5 II 22 3 4 
S:-|-#4- | 14 :] 1© 31-3. ]. 4 

\ 6 | 13}13 | 09 24| 3| 4 | 
5 | fa 113 8. as [2-1] 3 
8 I1 | 12 7 as 3-2-4 [3 
9: | 30 | 11 6 3.1 234-3 
| 10 IO | II 'SO \ 28 | 2 2 
6 Y & 1380-3 4: 29 2 2 
12 9 | O9 « 130.1. 31:2 
| 23 8 [| 0g | 4 $9.43 4-2 
6. 14 8| 8 3 32 I I 
I5 7-1-8. þ-3 WI 133 
16 C29 2 FSH. 1-1-1 
'T, | Si 94 21 $77 BY I 


The RefraCtion of the Sun, Moon, and 
Stars ca'.ſeth them to appear higher above 
the Horizon than they really are, T herc- 
fore SubſtraCt the Refraftion from the Al- 
titude obſerved , that the true Altitude 
may be bad. 


7] he 
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The cauſe of theſe Refraftions or Paral- 
haxes is the Atmoſphear, or the groſs Va- 
pours and Thickneſs of the Air near theHo- 
rizon, or the Face of the Earth; which to 
demonſtrate by an eaſie experiment , ſet 
down an empty Baſon on a Stov], laying a 
ſhilling in the bottom of it; and go 10 
much backwards, till you bring the edge of 
the Baſon and the Shilling in a right Line 
with your Eye, and then let another fill 
the Baſon with fair Water, and you may 
go a pretty way further backwards, and 
ſtill fee the Shilling and the edge of the 
Baſon in a right Line, the RefraCtion of 
the Water being the Cauſe thereof; and. 
from this Reaſon we conclude that the Sun' 
ſeems to appear above the Horizon when 
he 1s really ſet ; an\l that other times he 
ſeems higher than he really is, as alſo the 
Moon and Stars. 


A. 


GHAF-.Yv; 


Having ſhewed you ſeveral ways to take 
Heights and Diſtances in general , 
| come now to ſpeak of Surveving, as It is 
taken in a ſtrict and particular ſenſe for the 
| Meaſuring of Land according to the Diver- 
ity of Incloſures : Now this Meaſuring of 
2 Land. 
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Land 1s no more but finding the Area or. 
Content of a Superfictes, and con{if}s i; 
theſe two Particulars. Firſt, Plotting of 
Ground, or taking the Figure of 1: - 
condly, the Meaſuring of that Plot c or Fir 
g're io taken, or taking the Su; criic il 
Sept thereof, 

. The former'of theſe, viz. The plot- 
Gas of ground 1s excellently pertormed : 
F1 Tt, By the Plain Table. Secondly, ky 
the Theodolite : Or, Thirdly , By the 
Chain only, ana Scale and Compals. 

2. Ihe latter, viz. The Mealurin: of 

a Plot 1s no more but the Reducing, ot it 
to ore or more of the I hree Regular Geo- 
metrical Figures before-mentioned , v1:, 
either to a Circle, a Square, Or a Triangle 
(eſpecially the laſt of theſe) and meaſirir: 
it by their Rules, ſeeing no Plot or Fi2 
can be ſo lrregular, but may be Recuced to 
Triangles, (if not to either of the tormer, 
and 10 may be meaſured by T: 10 0nometry. 


SECT 1, 


Firſt then, To take a Plot by the Plain T avi. 


A Plain Table- is no more but a Boar; 
or rather three pieces put together, mai- 
inga long Square or Parallelogram, futhc1- 
elit to hold a ſheet of Paper, with 1: 2d ges 

£0 
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to keep the Table together, and the Paper 
faſt, with a looſe Index with Sights to lye 
upon the Table: The nſec is as follows : 
Firſt, Placing your Inſtrument upon the 
Staff, faſten it by the ſcrew in the ſocket, 
which it hath common with a Theodolire, 
and ſtanding at any Corner of the Inclo- 
ſure, whoſe Plot you would take as et A, 
lay the Index with the iights upon the Pa- 
per, and thorough the ſights eſpic fuch a 
mark upon the Hedge or Side of a Field or 
Incloſure as far as the Hedge goes in a 
ſtreight Line asat B ; and by the Fiducial 


at 


i. , , 
F. . n $ 
F 


edge of the Index,draw a Line what length 
you pleaſe from A towards B : Then remo- | 
Ving your Inſtrument meaſure with your 
Chain the diſtance betwixt A and B, and 
L'4 from 
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ſrom aScale of equal parts prick down in 
Perches the ſaid Diſtance from A to B upo" 
the Line drawn ; then placing your Inſtru- 
ment at B,lay the Index upon the Line A B, 
and turn the whole Inſtrument till through 
the ſights you eſpie A your firſt ſtation; 
there ſcrew the Inſtrument faſt upon the 
Stait, obſerving that Alay even with the 
Linedrawn, then moving the Index to the 
Point B, keep one end thereof tio that 
point ; and move the other till through 
the ſights you eſpie a third mark at C, 
(which again 1s as far as the Hedge or Side 
of the incloſure goes in a right Line: ) 
And by the fiducial Edge of the Index draw 
another Line to the point B, and meaſuring 
the diſtance by your Chain betwixt B and 
C, prick the ſame diſtance upon the Line 
EC from the ſame ſcale of equal parts, ard 
remove your Inſtrument to C, and ſo from 
Point to Point, till you have gone round 
the incloſire : So ſhall you have a perfect 
Plot of the whole Field upon your Paper ; 
and having fo, it is ealily reduced to 1 r1- 
angles, as 1s taught pag. 102. and mealure: 
by its Rule, pag. 107. whereunto I retcr 
the Reader for brevity. 


SECT. 
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SEC T.--.S; | 
Secondly, To take a Plot by the Theodoltte. 


The Deſcription of a Theodolite you 
have pay. 183, and 194. Theuſe of it in 
taking diſtances in general, you have allo: 
par. 194, 195, 196. 197, 148; and as for: 
meaſiring of Land thereby, it Is no more: 
but the particular application of thoſe ge- 
nerals upon this particular occaſion: AS 
for taking the former Plot in pag. 22 37 
by this Inſtrument , placing your Inſtru- 
ment in any Corner of the. Field, or in 
ary point of any of the ſides thereof ; 
your bulineſs 1s to take the diſtance betwixt 
ore point and another till you have gone: 
round the Field, as 1s taught 194, 195z-and: 
195 : Theretore l ſhall cot here uſe Repe- 
tition + But becauſe there 1s one ſpecial 
L\ample in Leyburn, how by the Theodo- 
1:e toPlot a Field at two Stations taken 
In the middle thereof ; from either of 
which all the Angles in the Field may be. 
{en with meaſuring the Stationary Line : 
vi1y, being an excellent, pleaſant, and in- 
£e:10us way, I ſhall here give it you : And: 
ior brevity ſake | ſhall acquaint the Rea- - 
ucr, that it is the very ſame as 1s: 
wed pag, 200, and 201, KL being! 
Ls _ ſuppoſed i 
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ſuppoſed the Stationary Line in the middle, 

and the whole Figure in pag. 120, being 
ſuppoled to be only one half of the Plot, 
and Lines drawn from one point to ano- 
ther round the whole, as1s there done; by 
which means you will have the Periphery 
ot the whole Plot ;, but to give you an en- 
tire Example or Figure more , referring 
you to the former place for Direction, 0b- 
{erye this following. 


a” 


QF 


bony "ls ———— | 
— == 


2 
b 
J 
) 
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Thirdly, To take the Plot of a F ield without 
any other Inſtrument but the Chain only, and 
by your Scale to Protr att the ſame upon Paper. 


Let ABCDEF be a Field to be plotted, 
Firſt, Meaſ ire every ſide thereof with your 
Chain beginning at A , ſo ſhall you find, . 
The ſide AB contains 2 Chains 5 Links 


BC I 4.8 
CD 2. 6 
DE 4 75. 
EF 2 15 
FA 2 2 


Note that theſe are meaſured by Mr, - 
Gunters Chain (which I do moſt commend, - 
and which contains 4 Poles, each Pole 25 - 
Links, -or 1co Links in the whole Chain, - 
each Link contains 7,77 inches, 1n all 792 
Inches, 66 Foot, or 22 Yards.) 

Now after that you have taken or meaſy- 
red theſe ſeveral ſides by this Chain, to 
Protralt the ſame vpon Paper , obſerve, . 
That the Field contains6 fides, and there- 
fore may be Reduced into two Trapezia's, 
or into 4 Triangles. A Trapeziais any Fi- 


1 . 
of 


- ure of 4 ſides, whoſe {ides and Angles are * 


all unequal, fo thzs this field may be redy- - 
cec 1 


+ 0 Ie, Arr Ae AF a Cr res —— cd woe 
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ced into the Trapezium ABCE, and FCED 
by a Line drawn from the Angle F, to the 
Angle C, which being meaſured by your 
Chain, you will find the Length ofit to be 
2 Chains 8g Links. Then again, if you 
meaſure with your Chain from C to 4, 
which will contain 2 Chains, 70 Links, 
and from C toE, which contains 3 Chains, 
69Links; you will find the forwer two 
Frapezia's divided cach into two Trian- 
gies, viz. the Trapezium ABCEF into the 
Triangles ABC and ACF: And the other 
Trapezium FCED into the Triangles FEC 
and CDE ; in every which Triangle you 


have all the lides given, by means whereof _ 


you may draw upon Paper the exact Figure 


_ of your Field by what Scale you pleaſe, ' ac- 


cording to the Rule given, pag. 85.) and as 
it here tollows. 

Firſt, Taking into your conſideration 
the Scituation of your Field, draw 1pon 
your Paper the Line AC, containing 2 
Chains, 70 Links of any lcale : Then be- 
cauſe the fide AB contains 2 Chains, 5 
Links, open your Compalles to 2, 5, and 
placing one foot 1n A, with the other dc- 
{cribe the pricked Arch a b. Likewiſe take 
in your Compatles 1, 48 the length of BC, 
and placing one Foot of your Compeſics 1n 
C, with the other deſcribe the pricked 
Arche d, croſling the former Arch at 

tne 
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he point By then drawing 2 Lines from 
Cand A tothe point B, you have protra- 
ed the Trizvgle ABC: After the ſme 
manner muſt you proutr aCt the Triangles 
IFC, FEC, ard CED., fo is your work fini 
hed, and the Figure of the Ficld protratt- 
dupon Paper, 


—_———_—_ ——— 


CHAP VL 


\ow for to know how to NHeafare this 
P.ot thus protrected, or any of the 2 
former, pag. 223, 224, 4nd by con- 
ſequence any other : 1 ake theſe Rules 
following. 


7 © -- 8 


Firſt, Yow muſt Reduce the ſaid Plot or Fi- 
Cure into one or mo-e of the Three Regular 
Geometrical Figures before-mentioned , VIZ. 
tve Circle, Square, or Triangle. 


TOW there are very few, orno pieces 

of Land which can ie reduced to the 
', viz. the Circle » but what may be 
one as to that you have pag. 74: But to 


| . . 
ae [econd, VIZ. the Square » many {orts 
of 
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of Figures may be reduced therennto, a; 
you may ſee pag. 89, 90. But in the third 
and laſt place, any Irregular Plot what 
ever may be reduced to Triangles, as you 
may fee pag. 104 and 15, and as you ke 
this Plot 1s done. 


FACT © 


Now this being done, there 1s no more 
to be done, but to meaſure theſe ſeveral 
Triangles by letting fall perpendiculars, :; 


YO Pius 


is taught pag.$5. and multiplying balſt!s 
Baſe, and the whole Perpendicular, 07 ''* 


nt? 
V 1} U3v 
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whole Baſe and half the Perpendicular to- 
ether, which will give the ſu; erficial Con- 
tent of each Triangle, and the Contents 
of the ſeveral Triangles added together, 
will give the Content of the whole Plot in 
Acres, Roods, and Perches. 


' 3h © Ys Bs. > 


And for finding the Superficial Content 
of a Triangle, having all the Three lides 
thereof given, It 1s taught pag. 113 which 
may be done without letting fall any per- 
pendicular : For the doing whereof I refer 
the Reader to the place before-mentioned, 


pap, 113» 
& UV LE: Is 


The Second Rule is, To find how many 
\cres, Roods and Perches are contained in 
any Triangle, or any other piece of ground 
| of any other ſhape. And for this purpoſe 
Note, that 3 Barley Corns1s an inch, 12 
I hes a Foot, 3 Foot a Yard, &c. And that 
y the Statute 5 Yards, or 16: Foot make 
Perch or Pole, 40 ſquare Perches make a 
| Rood, and 4 Rood an Acre, ſo that 160 
| iquare Perches are an Acre : Suppoſe a 
wVece of Ground ſhould contain 917 ſquare 
| Verches, Divide 917 by 40, the Qyoront 
WI: 
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will be 227, divide this again by 4, the 
hn pet is s, 2, 37, which is 5 Acres, 

Rood, 37 Ferches; or divide 917 by 166, 
the Quotient will be 5 Acres, and 119 
Per hes, which 1s 2 Rood, 37 Perches, a 
betore. 


8 Va St. 


Note again to bring Chains and Links 
into Acres, Roods, a 1d Perches: That co 
Links (of Mr. Gunters) make a Chain, 10 

2 i phe 1alnsan Acre: Now ſuppoſe 3 Piece 

Land to contain 9 Chatiis, 50 Links 1n 
length, and 6 Chains 25 Links in breadth, 
lying ina long Square : Multiply the one 
by the other,or 950 Links by 625, the Pro- 
duCt 1s 5.93750, from which Prout in 
Square Links cut alwaies off the five laſt 
Figures, ſo is the reſt to the leſt hand 
compleat Acres, which 15 here 5. TR 
which are cut off being 93750 multiplye: 
by 4» (the number of Roods in one = 
produceth 3| 75000, from which Product 
cutting off again the 5 laſt Figures towaris 
the Right Hand, the Remainder towards 
the Left Hand ſhews the compleat Roos, 
whichare here 3: The 5 Figures cut oli 1e- 
ing 75000, multiplyed by 40 the Number of 


Perches in a Rood, procucett 3c| 09000 3 


ſo cutting off the laſt Cyphers towarcs 


thc 


p 


| 
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he Right hand, leaves 30 towards the Left, 

hich are 39 Perches: If any odd Num- 
rs had remained in thoſe which were cut 
F, they had been ſo many Hundred T hou- 
xrd parts of a Perch ; but no FraCtion re- 
7z:0ing, the Contents of this Parallelo- 
&r2m or Long Square, 1s 5 Acres, 3 Roods, 
nd 30 Perches: the like is to be done 1n 
ny other. 


$ B CT; 3: 


But to help you herein, obſerve the Ta- 
le following as to the former Example 
593750. Cutting off the 5 laſt Figures, 
here remains 5 Acres: Then look for 
0000 in the Table under the TI itle Links, 
2nd againſt it under the Title Roods and 
Perches, you find 3 Rood, 24 Perches: Then 
Jook for 3750, and againſt it you find 6 
Perches, all which added together, gives 
j0u the Area or Contents of tze whole, as 
Lefore ; 5 Acres, 3 Rood, and 30 Perches. 
The like is to be obſerved in any other 
Number of Square Links, to Reduce them 
t9icres, Roods, and Perches. 

$A: 0 -©Þ, 


- Ran | 
ke 6 
YomMma 5 3 -30 


Square 
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Square Links." R. | P, | [SquareL.'R.P 


I 009000 
»GOOOO 
80009 
70000 
60000 
$OOOO 
40000 
30000 
20000 
I 0000 
9375 | | | Note that 22044 
8750 or --11 Score Ut 
S125 | Lenpth.and 22 14 
7509 | [in _— 
6875 | an ACTrE. 


| ____6250 


5 625 | 
$c00 | 
4371) 
3750 
125 
2500 
1975 
I 250 
027 


_—_——_ — - 


————— 


— 


<> ——  ——_— > G=—oos 
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Having the Length of any prece of CY 0und it 
Perches, To find how many Perches in 
Breadth will make an Acre. 


As the Length in Perches (which ſuppo! 
50) is to 160 upon the Line of Numbers, 
the lame extent the ſame way will reach 
from 1 to the Breadrh in Perches ir this 
Example, 3/2., or 3; Part ofa Perch: VU! 


v1Ce 
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ide 160 by 50, Quotient 35, which 1s 
te fame. But in Chains and Links : AS 
Wi: length in Chains is to 10, fo is one 

cre to the Breadth in Chains and Links : 
5; the Extent from 12 Chains 50 Links to 
2, will reach from 109 Links, or 1 Acre 
o80 Links the Breadth required. Leyburn 
7, 276. 


| 


SECT. FP 


lo brow whether you have taken the Angles of 
WW 4Fteld truly. 


Add all the Angles together, and if the 
am of them all do agree with the Sum of 
180 degrees multiplyed by a Number leſs 
y two than the Number of Angles in the 
Field, your work is true, otherwiſe not : 
This 1s, where all the Angles are inward , 
vt ifany of the Angles be outward, then 
take the Complements of ſuch Angles to 
1580 Degrees, which is to be added to the 
relt of the Angles inſtead of the Angles 
themſelves, and theſe outward Angles (if 
rever ſo many) muſt not be accounted as 
angles in the Multiplication , but wholly 
rercted, 
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To Reduce Chains and Links (of Gunter 
Chain) into Feet and Taras. 


Set down the Number of Chains a:/ 
Links as one whole Number, (as ſuppoſe ; 
Chains 32 Links, ſet them down 5.32) mi 
tiply this 532 by 66,the ProduCt is 351] 12, 
from whence cut the two laſt Figures tv 
wards the Right hand, ſo ſhall the Figure; 
to the Left hand remaining be Feet, aa 
the Figures cut off 100 parts of Feet, viz, 
351--, Feet, Theſe divided by 3, bring 
them into yards, viz. 117 yards. Or mul. 
tiply 532 by 22, is 1191 04, and cut of 
the two laſt Figures, brings it into yardsat 
Once, viz. 117 as before, and -*, parts of 
a yard the Fration. But let the Number 
of Chains be what they will, if the number 
of Links be leſs than ro, you mult place 2 
Cypher before the number of Links, as ſup- 
poſe 9 Chains 5 Links, place them this, 
9[ 05, then multiply them by : 5, as in the 
other Example, will produce 547 30, from 
which cut off the two laſt Figures, and 
there will appcar to be 597 Feet }.. parts 
and ſo of any other : As for Example, 


9.0) 
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9.05 
66 


5430 
3430 


Notefurther, that to lay down any num- 
rof Chains and Links, 1s beſt done from 
Diagonal Scale, any other Scale of equal 
arts not being ſo convenient, becauſe the 
dinary Scales are only divided firſt into 
d parts, and one of thoſe parts into 10 
er parts; but the Diagonal Scale 15 not 
ily firſt divided into io parts, and thoſe 
aininto 10 leſſer parts ; but thoie leſſer 
Irts alſo divided 1nto 10 other parts, by 
ans of the croſs Diagonal Line ; ſo that 
ch cf the largeſt Divilions 1s really and 
bly divided into 100 parts, and there- 
re taking the firſt ſor Chains, the laſtare 
ks, and out of it you may tuke any Num- 
T mealured by your Chain to a lingle 
0k, to which a little practice will ealily 


rlog you. 


a5 to Live you one Example, Suppoſe you 
ere to take from your Scale 3 Chains, 76 
inks. Firſt, Take three of the large Di- 
lwons in your Compalles for the three 
Chains : 
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Chains : Then for the Links obſerve, th: 
the ſmall Diagonal Diviſions are numbr 
from 1 to 10 upon the Top, and likeyii 
oro from 1 to 10o upon t 


]to 7, and thoſe {ons 


T234% 
9 =5« 
MH 1 
p HT. 
5 hs 
4þ —_— — ——_ — 
3 Lakes 
2 —— 
fa 2 
| | 
| 
] 
| i 
I 
| 
1 | 
2\' | 
FEE) 
3 


| Tens, and run along t/ 
| Line till you come jv{} 113 


meaſure Chains and Links alwaies vp0" ti 


fide, now reckon 114 
the ſide upwards from 


- 


der 6 on the Top, a 
thoſe ſignifie Units, 
where thoſe two Ling 
meet, there 1s the p13 
ſignifying 76. Thereto 
the Extent of your Colt 
paſles from a toB ie 
actly 3 Chains, 76 Links 
and from D to C13 
Chains, 24. Links, * 
from+\e to F is 2 Chains |! 
Links; and ſo of anyc 
ther number that you hai 
occaſion to protract, 
the ſame more or |) 
The Rule is the ſame © 
waies, counting, upon i! 
1deupwards for Tens;4" 
from the left fide towa!s 
the right you muſt recx0 
Unites, and obſcrvingtf 


1al» 
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ne parallel Line, which 1s drawn from 
end of the Scale to the other. 


9 & C4. 66 


take the Plot of any Champian Field of 2000, 
i 3000 Acre: by the Plain T able, and ne- 
ver change Paper, 


Place your Inſtrument at every Angle, 

d fo get every Angle and his {ides, not re- 

rding the length of the containing ſides 

you be wont. Then Meaſure every 

edge, and as you uſe to lay the lame down 

y your Scale and Compaſs , here you ſhall 

Wt write the length of every Hedge upon 

We Lines drawn upon your Paper, ſo they 

ed not run off the ſame, becauſe you may 

Wav them as long and as ſhort as you pleaſe, 

Wt when you come at home, you muſt pro- 
Kt them according to due proportion. 


oY 3 RL, 


; "jy by the Interſettion of Lines often 
W ja out ſo acute, that it is hard to find the 
true pont of Interſection. | 


Therefore when you have taken a Field 
two Stations by interſeftion of Lines (as 
taught, pag. 223.) Then from the firſt 

dta- 
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Station beyond the ſecond , or from th 
ſecond Station beyond the firſt, obſer 
ſome Mark or Tree inclining toward; th 
propoſed Field (which let make rather 
Right Angle than obtuſe Angle with you 
Stationary Line) and ſo get the Angle; j 
makes with both your Stations, makin 
your Stationary Line one fide of thei 
Angles: Then go to the mark eſpied for 
third Station, and there obſerve ſuch Cor 
ners that you thought would fall out Acut 
by Sections of Lines iſſuing from the fil 
ſtations, and thereby get the Angles the 
make with your firſt and ſecond ſtation: 
for by help thereof, you ſhall correct tif 
acure SeCtion of the former Lines 

And note, that where a Field lies ſo thi! 
you cannot from 2 Stations ſee all the Cor 
ners thereof, what you cannot do at th 
firſt and ſecond ſtation, you may do witi 
as many more ſtations as need requires, * 
a third, fourth, or fifth Station, or mort 
as you ſee cauſe. 


SECT.-8. 


To take the Plot of a Wood, or Wateriſh Grown 
when by Reaſon of ſome obſtruftion or tt" 
you Cannot come within it, 


Your way is to goround about the a" 
al 
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and make your obſervations at every An- 
ole, the Diſtance between Angle and An- 
gle meaſured by your Chain will be the 
iides of the Plot, and protracting both the 
Angles and Sides upon Paper , will give 
you the true Figure of the whole, which 
you may meaſure by the Rules atoregoing. 


SS 8CT: 

Take notice, that the moſt, or however, 
very many {mall incloſures are Trapeziay 
that 1s, having 4 unequal Sides, and 4 un- 
equal Angles: Now any of theſe may be 
ealily reduced into two Triangles, and 1o 
meaſured as I have formerly ſhewed you : 
But for the more ready caſting up the Con- 
tents of theſe, note, that the Diagonal 
Line drawn from Corner to Corner, where- 
M by the Trapezia is divided into 2 Trian- 
W gles, is by that means the common Baſe 
to them both. Therefore add the two 
perpendiculars together, the halt of which 
multiplyed by the whole Baſe, the ProduCt 
will ſhew the Contents of the whole Tra- 
Pezia; orif you add both the perpendiculars 
together, and by that multiply the whole 
M baſe; halfof the Product will be the Con- 
W '\itof the Trapezia. 


&E CT; 10. 
Another way to meaſure a Field of 4. 
M unequal 


- 
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unequal ſides 1s this : Firſt, Meaſure the 

top and the bottom, and add thoſe two tg. 
gether, and take the half, then meaſirethe 

two oppolite {ides, adding them allo tore. 

ther, and take the half, Theſe two hal 

multiplyed the one by the other, the Pro- 
duct will give you the true Contents : 4; 
ſuppoſe one lide be 16 Perches, its oppo- 
ſite ſtde 6, thele added, makes 22, the halt 
whereof IS L1 : Then luppoſe one of the 
other ſides 28, its oppolite (ide 18, theſe 
added 1s 46, the half whereof is23, which 
multiplyed by 11, ſhews 253 to be th? 
whole Content. Note, that to protratt a 
Trapezia, you mult by the Theodolite, or 
{ome ſuch like Inſtrument obſerve one of 
the Angles, which being known and pro- 
tracted , prick off the 2 containing tides, 
and from the end or the Extremitics ot 
thoſe 2 ſides, you may draw the other tv 
ſides by 2 Arches, croſling one another! 
their Reſpective Diſtances, as in a Square 
or Triangle, as 1s elſewhere taught. 
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A Quarter of a Pearch in Pearches. 
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It you have occaſion for half Pearches, 
take theſe Sums twice z if for three quarters 
take the ſame Sums thrice, and the total wil 
be your deſire. 

Note that 3 Barly Corns isan Inch, 12 in- 
Ches a Foot, and 3 Foot a yard, 5; Yards 2 


| — Pearchz4 Pearchesa Day-work, 10 Day- wor: 
T 


2 Rood, 4 Rood or 40 Pearches an Acre: 
T h1 
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This Table may be very uſefnl for thoſe 

that have their Chains and Meaſuring Lines 
(ivided only into Pearches, halt Pearches, 
-nd Quarters : But the moſt exaCt way 1s, to 
caſt up by Chains and Links for ſuchas have 
Mr. Gunters Chain, which way you have 
taught, pag. 231, 232. But I leave every 
one to uſe which way pleales him beſt, and 

| © conclude Surveying. 


As an Appendix I ſhall add theſe 3 Pro- 
poſitions following. 


FU 5-1. 


How to take the Superficial Contents of Flil's and 
| alleys according to Mr, Diggs. 


| Suppoſe ABC were a Mountain, firft, 
'F :icaſure the Circuit of the Baſe AC 100 
| MW 'carches: Then meaſure the Compaſs ot 
"F {ie Summity or Top BB 16 pearches , 


| Bgx \B 
'|E 23 acres % 
J TO O 4 S 


4 ſ 10 perch s &* 
199 \8 
C 


———— 


| Which added together, makes 1 16 pearches: 


\ Then meaſure the aſcent of the Hill AB 75 
M 3 pearchcs, 
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pearches, and its oppoſite Aſcent CB 55 
pearches, adding theſe two Aſﬀcents toe. 
ther 130, halfof which is 65, which m!. 
tiplyed by Halfof the Circuit 58, the Cor. 
tent will be 23 Acres, 2 Roods , and 1: 
pearches the true content of the Hill. 

For meaſnring a Valley inſtead of the 
Circuit at the Baſe in a Mountain , y< 
muſt meaſure the Circuit of the top of th: 
Valley, and inſtead of the Circ':it of i: 
top of the Mountain,you are to meaſare th! 
Circuit of the depth of the Valley, and i: 
ſtead of the Aſcenſes of the Hill, meaſure 
the Deſcenſes of the Valley, which mac; 
It an hollow hill turn'd upſide down, an 
to be meaſured by the Rule aforerniny. 


EFROF.. 0 
To find the Hojizontal Line of a Fill « 
Aountain, 


This 1s no more but reſolving a Hill 1n- 
to 2 right Angled 1 riangles, and then 19 
find the Baſe of both thoſe Triangles which 
is the Horizontal Line, or the Line 0! 
which the Hill ſtandeth. Now todo tii!s, 
Place your Quadrant art the foot of the #!.: 
on one Side, and through the Sights eijy- 
Ing the top of the Hill (or a mark ict 
high above it, as your Inſtrument {tar 
above the ground) Obſerve what degrces 
are cut by the Thread upon the Linb 0: 

tits 


BOOK II. Of Saurvejine. 247 


the Quadrant (ſuppoſe 47 4.) then the An- 
ele at the top muſt be the Complement 
thereof to 90, vii. 4: 4d. then meaſure the 
diſtance betwixt the top and the bottom, 
which ſuppoſe 71 fect, being the Hypothe- 
nual of the Triangle oppolite to the right 
Angle go, ſo having thele given, you may 
caltly find the Baſe and the perpendicular 
a1ſo, if required: For as 9o Degrees 1s to 
71 Feet, ſo 18 474. to the perpendicular, 
or 43 tothe Baſe required. Now having 
got this part of the Horizontal Line, you 
muſt get the other part by procecding af- 
ter the ſame manner from the other {ide of 
the Hill, taking the Apples, meaſuring the 
Aſcent, and finding the Baſe as above, and 
theſe two Baſes added together, makes up 
the true Horizontal Line of the Hill or 
\ Mountain, 


PRO £#. 3. 


To find the Level betwixt any two places, and 
whether Water may be conveyed from a 
Spring-head, to any appointed place, 


There is an Inſtrument called a Water- 
Level whereby this is beſt cffeed, though 
It may be alſo done by a Quadrant : For 
the Water-Level it is only a {mall Pipe of 
Glaſs made cloſe at both crds with Wax, 

M 4 and 


: 
| 
Y; 
? 
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and filled with Water, excepting a ver; 
finall vacuity, which will ſhew it telf in the 
middle, when it lies Level ; but upon th 
leaſt leaning either way, you will find it 
move accordingly. Now this laid 1n a picce 
of Wood, having ſights at either end, 132 
{it Inſtrument for this purpoſe: This Wz- 
ter-Level placed at any convenient diſtance 
irom the Spring-head in a right Line to- 
wards the place to which the Water 1s to 
be conveyed as 50 or 190 yards, and ha- 
Ving two long. Staves, cauſe one of th? 
Staves to be ſet up at the ©pring head, the 
other let be ercitcd as many yards beyond 
your [n{trument towards the place to which 
the Water is to be conveyed : Thelc Stz- 
tion Staves crected perpendicular, and your 
Water-Level preciſely horizontal , look 
through the Sightes to the firſt {talk, car 
{19g a Leaf of Paper to be run up and dow! 
the Stalt till it be <fpicd through the 5121115, 
there obſerve how many Feet, Inches, or 
Parts the Paper reſteth upon, which note 
in your Book : Your Water-Level re 
Mining immoveable, go to the other end 
of it, and cauſing a paper to be moved up 
and down the other Staft as before, notc 
how many Feet, Inches, and Parts the þ4 


per reſteth upon : Then if the ſecond {tz!t 


be more than the firſt, dedundt the lefs tron 
the greater, and th: Remainder will (62 
how 


—_ S— —__ Rx ——, 
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how much the ſecond Raffis lower than the 
frſt, and ſo by making ſeveral Stations you 
may find your delire at what diſtance you 
pleale. 


P'X O-Þ: 4: 


Another way by the Quadrant is this, 


Firſt, Go to the place whither you would 


convey your Water, and let any perſon 
ſtand toward the Spring-head any Numter 
ripwry and obſerve the top of a ſtaff in 
his hand equal to your eye by the Quadrant : 
Note the Degrees, and lo take the Height 


25 before at ſeveral other Diſtances, till ' 


102 come to the Spring-head it elf, and 
| protracting the nveral Angles of Altitude 
as you took your Stations and your diſtance 


ot yards upon the Ground betwixt Station- 


un Station: And in conclulion, you ſhall 
| vave the difference of Height betwixt the 
i 6 ring-head, and the place whereunto you 
| ( lefire to have your Water conveyed, This 
15 of excellent uſe to find whether Coals 

| may bz ſangh'd or drain'd of Water. Firlt, 
| Loarinz', or otherwiſe finding thc Depth 
k [the Coal from the ſurface of the Ground, 


| 20d fabſtratting that Height from the 
: ke ht found betwixt the place above ground | 


where the Coals lye, and the place whither - 
| You Giclire to bring your Water : All Coal DE- "- & 


Ms 10g 


># 
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1ng obſerved to lay true Level, let the fur. 
face of the Ground riſe or fall as it will, 

excepting where Ut Is extraordinarily 
thrown up or down by that which they 
call an Horſe. This therefore may be don? 
cither of theſe wales aforementioned, th: 

is, cither by the Water-Level, or Qu: 
drant, only obſerve,that at every Miles erd 
there onght to be allowed 4. Inches more 
than the ſtrait Level for the Currant ofthe 


Water, which in a ſhort diſtance 1s not 
conſiderable. 


Or 


BOOK 11: 


O F 


NAVIGATION. 


_—_—— _ w Pp Ro oo eee 


CHAP. H, 


Aving now finiſhed what I intend to. 
ſay concerning Surveying, and ta» 
king of Heights and Diſtances at 

Land I come now to treat of that other part 

arbor which1s, the taking of Helzhts 

nd Diſtances at Sea, to wit, Navigation : 

Ard l nope this Divilion of Geometry into 

| Surveying and Navio-tion, and the Dehinitt- 

| on of them to be taking of Heights and Dt- 
| ſtances, the one at Lat d, and the other-at 

Sea 3 may not by the Candid Reader be 
thought incongruous or Improper, but pro- 

per and Genuine tothe Prejons purpole for 

making them plain and obvious to the Ca- 

Pacity of the m1 eaneſlt ; which 1s the princt- 

pal aim and gel fn of this ſmall Treatiſe. . 

But to-proceed, the whole Science of Aſtro- 

NOMY / 
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nomy 1s a great Ornament and Accom. 
pliſhment to him that profeſles Vav;, gation; 
but of abſolute Neceſlity Navigation mul 
borrow of Aſtronomy the taking of Heig w 
©. IN theſe two particulars, (that is) Firf, 
The taking of the Height, or the Meridian 
Altitude of the Sun: And thereby in the 
iccond place, to find the Height or Eleve 
tion of the Pole : Yet this latter, in the 
ſame ſenſe that it is called Latitude, may 
be the finding or taking of a Diſtance in 
IVavigation, being indecd no more but the 
Diſtance North or Sonth from the Equino- 
cttal, or any other ſuppoſed parallel ; as 
Longitude 1s the Diſtance Eaſt and IVej 
trom the firſt Meridian, or any other 
luppokd Meridian : And as the Rumb lee- 

ding from one place to another may be cal- 
led the Diſtance run upon ſuch apoint ct 
the Compaſs. Now the taking theſe Height: 
and Diſtances is the Sum and Subſtance of 
the Art of Navigation, And to Treat ot 
theſe particulars in order, ſhall be the mc- 
thod of my intended Diſcourſe upon th1: 
SpbjcCct. 

Now theſe may be more ſuccin&tly com: 
prized 1n thele four Terms, being tif 
jame which cre uſed by Nerwood, Hues, and 
others. To wit, 


T he 


| 
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1- The Difference of Latitude. 
2. The difference of Longitude, 

3. The Rumbs. 

4, The Diſtance run upon the ſaid 
Rumb, 


Any two of theſe being known or gi- 
yen, the other two may alſo be found ; 
whence obſerve, That there 1s a two-fold 
fnding of each of theſe. Firſt, As they are 
Data, to be given or known, and ſo they 
zre found by obſervation. Secondly, As 
they are Qneſira,ſought or required,and fo 
they are found by Trigonometry, or Arith- 
metical Calculation in the Reſolution of a 
Plain Right Angled Triangle ; ſo that in 
contluſion you will ind that Navigation as 
well as Surveying 1s ſtijl no more but the 
Reſolution of a Triangle : But to proceed 
Methodically : Seeing there muſt be alwates 
twoof theſe given or known, to find the 
F reſt: It will be very neceſlary to ſhew you 
how in the firſt place they may be found as 
Data by Obſervation, 
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And firſt for finding the Latitude or the El; 
vation of the Pole. 


P & 0B: £1; 


This 1s done by obſerving the Meridian A. 
titude of the Sun or Stars either by ar 


Aſtrolabe, Croſs-ſtaff, or Quadrazt, 


How to take the Meridian (or any 0: 
ther) Altitude of the Sun or Stars by the 
Croſs-ſtaff by forward Obſervation, is the. 
{ame as1n the General uſe of that In{tru- 
ment in taking of Altitudes, as is tauzht 
pag.2124213: Andhow to take the fame Al- 
[ titnde by Thread and Plummet, an bac - 
F ward obſervation,is alſo taught particular- 
| ly pag. 212. S. 4. Buttheealieſt and rea: 
dieſt way to take the Meridian, (or other) 
Altitude of the Sunis, to do it by the Aſtro- 
labe or Quadrant thus, by that which 1: 
called backward Obſervation, and viithout 
looking through the ſights : Let the $1n 
ſhine through that ſight which is next t/: 
Center, and bring that Beam to fall ri;'t 
upon the hole of the other ſight, and t': 
Thread will fall upon the true Altituc 
Ih the Quadrant, or in the ſame manner t'® 


IndcL 


_ Tn 
> 99> 1» RR 0s ron > ge 
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"dex in the Aſtrolabe will cut the De- 
Tees of Altitude. 


Now to find the Meridian Altitude of the Sun, 
(thourh the Sun do not ſhine) may be done 
by knowing the Dechnation ana Latituae, 


For if the Declination be North, you 

muſt add it to the Complement of the La- 
titade, (which 1s alwaics the ſame with the 
Height of the EquinoCtial; ) and if the 
Declination be South, you mult ſnbſtract 
it from the Complement of the Latitude, 
which will give you the Meridian Altitude 
any time, As ſuppoſeat London the Ele- 
vation of the Pole (or the Latitude) 1s 5 24. 
the Complement whereof to go 4d. 1s 38 4. 
(which is alſo the Height of the Equino- 
ual.) Now the ſecond of ay the Sun be- 
Ingin 20d, 42 mm. of Taurm, his decline- 
ton Northwards is 117 4. 56. 21”. which 
Oded to 28, makes the Meridian Altitude 
dl the Sun to be 55 Degrees, 56 Minutes, 
and 21 Seconds. 
Hit be at the time of the EquinoCtial 
IL. 11th of Idarch, or the 13th of Septem- 
ber) the Height of the Sun or Star (when 
my are upon the Meridian) ſubſtratted 
Irom 90 Degrees, will ſhew the true Lati- 
tce ; but at any other time you muſt find 
Out tne Declination of the Sun or Stars 2 
. 2N 
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and it the Declination be Northerly, then 

\oſtraCt it from the Altitude : If Southerly, 
you mult add it to the Altitude ; by which 
Addition or SubſtraCtion you ſhall have the 
Height of the EquinoCtial above the Hori 
z0n, and that being ſubſtraCted from gr 
Degrees, will ſhew the true Latitude ofthe 
place where you then are. 


PRKQ-B LL; 2. 
To find the Elevation of the Pole by the Globe, 


Firſt, Taking the Meridian Altitude of 
the Sun, and bring the place of the Sun in 
the Ecliptick, or the Star to the Brazen 
Meridian, and fo move the Brazen Mer 
atan together with the Globe through 
the Notches it ſtands in, till the place of 
the Sun, or the Star be elevated ſo many 
Degrees above the Horizon, as the Suns or 
Stars Meridian Altitude is : The Globe {tar 
ding in this polition, the Pole will be clc- 
vated according to the true Latitude ct 
the place. Example, 

The 12th of June | find the Suns place uy 
the begining of Cancer, and the Meric!- 
an Altitude of the Sun at London 62 deg res 
bring the firſt degree of Cancer to t! 
Meridian, andelevate the ſame 62 dep a 
above the Horizon, ſo you will find th 
Pole elevated at Longen 51 Degrees, 39 

N1nucecs : 
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Minutes : Or by the former Rule, having 

the Suns Meridian Altitude 62, and finding 

; the Table of the Suns Declination or 

. Wotherwiſe, that the 12th of Fune the Sun 
Mth his greateſt - Declination, vez. 23 4. 
0m, ſubſtrat this from 62 4. reſts 38 4. 
z0m. for the Height of the Equinoctial 3 
and that again ſubſtratted from 90 a. leaves 
$1, 30 for the Latitude or Elevation of 
the Pole. 

And ſecing the finding of the Latitude by 
tie Sun depends upon knowing his place 
nthe Zodiack, or his Declination 3 and 

 Witzou would find the Latitude by the ſtars, 
 Wjcu muſt alſo - know their Declinations. 
Therefore I ſhall give you two ſhort Rules 
ſor the two former, and a ſhort Table for 
tielatter in this place, but muſt refer the 
header to larger Rules and Tables when [ 
(ome to ſpeak of them in Aſtronomy. 


F ROB. $ 


loſud the Suns place by theſe two Verſes, 


& = 8 SL Wy 
vil, attends, its, obje&t, unvaild, vice » 
_ wil 7 VF. X 


Vain, Villains, jeſt, into, a, Paradiſe : 
* 


Theſe 12 words ſignifie the 12 months be- 
glnning 
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ginning at March, and the 12 ſigns in ords 
the Sun enters into every Moneth, and t 
know what day of the Moneth he cnters 
If the firſt Letter of the word proper t 
the Month be a Conſonant as Paradiſe t+ 
longing to February,in that Moneth he e: 
ters the 8th day,but if it be a Vowel, (az; 
the reſt are) add ſo many days to 8, t! 
Vowel denotes 1n order of the 5 Vouz! 
aclony 


123456 which will ſhew what day of th 
Moneth the Sun enters any of the 12 ſi2ns 
and reckoning that the ſun goes thoroup! 
one Degree every day, you way fin the 
Degree the ſun 1s in, and (by the hours 0! 
the day from Noon) the Minutes of th: 
degree. 


F3AU0DE. 4 


To find the Suns Declination by Logaritine! 
or the Lines of Artificial Sines. 


As Radius or go Degrees is to the 5! 
greateſt Declivation (which 1s alwales 23 
Degrees 30 Minutes) So is (the Number! 

Degrees or Minutes from the next Equi*% 
tal point to the ſuns place) to the 1U73 
preſent Declination : Suppoſe the {uns P:«* 
be © degrees, or the beginning of 14 
that is, 30 degrees from the next Equito 


Fa 
4 


(415: 
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tial point of Aries , his Declination 
il] be found to be 11 4.30 mr. for as go to 
3, 30, ſ0 30 to 11, 30, the like Propor- 
tion will hold in any other. 


FEARS &, 4. 


To find the Declination of ſome nitable Stars, 


obſerve this Table. 


North _ South - 
The hrſt Horſe in the[57/ 27] Spica Virginis. | 8'5s5 
Wain, | 
ethird in the wain.|s1 5 = 
arurus, 21,53] Heart of Scorplon. 
The Eagle. 7 57] Orions rightſhoul- 
he Bulis Eyc, i554| der. 
Caſtor. 132 30] Orions left foot. 
Fo.luv. 28 30] The preat Dog. 
ic Lyons Heart, [13 49] The little Dog. 


"ce ſtarshave North] | | Theſe have South 
Declination, | Declinations. 


ER 


hte —_ —_— —_ 


Thus much for Latitude. 


i L *& 8 7 


7 the next place, for finding the Longitude. 


lf the Longitude could be as certainly 

9nd as the Latitude , it would render 

\igation perfect ; but notwithſtanding 

'& many have pretended thereunto, yet 
None 
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none have attained tc it in reality as far x 
I can yet find: Theaker in his Planilphere, 
which he calls a light to the Longitule, 
tells you he can by that Inſtrument ; 
certainly do It, as to find the Riliny, Set- 
ting, and Southing of the Stars, but it }: 
can, he does very ll expreſs it, and I ny! 
conclude, that, aliquid Latet quod non patter, 
and perhaps he might keep a reſerve t9 
himſelf on purpoſe. 

The moſt Rational wales of finding t!; 
Fongitude which | meet with, are thele ;, 
ColleAed out of Yarenins , and Carperter: 
Geography. 


' & © Þ 3 A 8 


Firſt, By an Eclipſe of the Moon. 


By obſerving how much ſooner the eclip!: 
beginneth at a place of known LongituCe, 
(which you may find by an Ephemeridc3, 
than at the place where you are z wher: 
you may find the time of the Eclipſe by 05 
ſervation with the Teleſcope, and kno 
ing the Latitude at the ſame time by the 
Stars, you may find the true hour of t!: 
Night. This done, the difference ol © 
time of the Moons entrance into the EcliÞ\% 
or the middle or ending of the ſame © 


the place where your obſcrvation was may 
ein? 
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teingconverted into Degrees and Minutes, 
2nd either added or ſubſtratted from the 
our of the beginning, middle, or end of 
he Eclipſe at the other place of known 
Longitude found by the Ephemerides : [ 
MW the Degrees and Minutes of the diffe- 
'Wrerce betwixt the hour at one place, and 
Wc hour at the other place added or ſub- 
rated from the Degrees and Minutes of 
x known Longitude, gives you the Lon- 
tude of the place required. 


os 


n 


d 


) PF R085 4-2; 
By a Clock, Watch, or Hour-glaſs. 


[f you have a very true Watch, and be 
d{ail from a place of known Longitude, 
when you depart from that place, by an 
[trolabe, or otherwiſe by the Sun or Stars 
verve the hour of the day or night, and 
t your Watch exactly to the ſame hour, 
hen you havea mind to know what Lon- 
[tide you are in, obſerve again by the 
trolabe, or otherwiſe the exact hour ; 
ndif the Watch agree with the obſerva- 
0n, there is no difference of Longitude ; 
Ir what difference betwixt theſe two you 
and added or ſubitratted to or from the 
mgitude of the place you came from , 
ns the Longitude of the place you are 
now 
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now at: This way yon ſee depends up 
the exact taking the hour at both place; 
and upon the exaCtnelſs of the Wat: 
therefore In this latter reſpet an Hour: 
glaſs is accounted fitter for Sea. 


PROUD GL 3. 


Thirdly, By obſervation of the Difſerence ut 
the Sun and Moons motion. 


\ Firſt, You muſt take for granted, thi 
the Motion of the Moon is 48 minutes of 
an hour ſlower in 24 Hours,or 360 Degrec 
than that of the Sun. Secondly, You mul 
ſuppoſe that by Mathematical helps a ma: 


may know 1n any place the Meridian, (0: 
South point)and alſo the hour of the day 
andat lealt by an Ephemerides the time 0! 
the Moons coming to the South, or to ti 
Meridian. Now ſuppoſe at London you fir 
(by an Ephemerides calculated for tha! 
place) that the Moon comes to the Meridi 
an (on ſome ſet day) at four a Clock at! 
Noon : And you being in the Weſi-1: 
the fame day you obſerve the Moon co 
to the Meridian at 10 Minutes after 10"! 
Then ſay by the Ruleof Proportion, It *' 
difterence of the Sun and Moons motion % 
48 Minutes of an hour in 360 Degre© 
what will it be in 10 Minutes : Orif 48 2M 

$-V 
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50, what gives 10? The fourth propor- 
Wional Number wall be 75, which is the di- 
Wince of that place from London, from 
which number the Longitude of London 
king ſubſtracted ( 20 degrees )) and the 
cmainder (5 5)again ſubſtracted from 360, 
te Relidue will ſhew the Longitude (3095). 


PROB L. 4. 


3y the Diſtance betwixt the Moon, and ſome 
known Star ſcutuate near the Ecliptick, 


But this, and ſeveral other waies men- 
Wioned in Varenmm as by the Moons place, 
1Þ©r eotrance into the Ecliptick, & per Pla- 
os 7oviales ; | ſhall not trouble the Rea» 
Wc with, but refer him to the Author, 
M&'5) 420, 421, and pa on. Now the Dit- 
erence of Latitude, or the difference of 
Longitude, is ſo many Degrees, Minutes, 
r Miles as the Latitude or Longitude of 
Me place differs from the Latitude or Lon- 
tude of another place , the Latitude or 
Longitude being obſer ved or known at both 
Pieces 5 as knowing the Latitude of the 
place from whence you ſet Sail, and having 
c1Fied a certain number of Leagues, there 
\ YN take an obſeryation of the Latitude as 
&Y* Xforementioned : Now if both the pla- 
i x on the North-ſide the EquinoCtial, or 


On 
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on the ſouthſide the ſame ſubſtratt the le! 
ſer latitude from the greater, the re2ir 
der 1s the difference of Latitude: If ones 
the places be under the EquinoCQtial, and th 
other on the North or South fide thercof 
the difference of Latitude is the Latitude; 
ſelf. 1f one of the places be on this (4 
the EquinoCtial, and the other on the othe 
ſide, the Sum of both the Latitudes add: 
together 1s the difference of Latitude, 0: 
the Diſtance North and South betwixtt 
two places; andit the Longitude could ix 
as exaCccly tound, 1t would ſhew their Di 
ſtance Eaſt and Weſt : However the dif 
rence of Longitude is the Diſtance of an; 
place upon the Line of Eaſt and Welt fror 
the Meridian of any other place propoſe 
but becauſe this cannot certainly be tou 
or however not without much difficulty! 
obſervation it is ſeldom given, but requ 
red in Trigonometry, and found by the Rt 
ſolution of a Triangle, as ſhall be ſhewe 
hereafter in its due place, and fo much to 
the two former particulars, the Ditterenc 
of Latitude and Longitude. 


SECT. 2; F 
In the third place we come to ſpeak of the towi 
conſiderable i; Navigation, viz. the Ru 


Whick 1 plain E0/:) is the point ? 
{ " 
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the Compaſs upon which the ſhip Sails, 
WM :rnd this is uſually one of the Dara's, or 
oF things given, becauſe the Sea-mans Com- 
"Y paſſe by which it 1s directed or ſtecred al- 
' MW waies ſhews this. The finding out of that 
MW moſt admirable vertue of the Magnet, being 
(MY the greateſt advantage that ever hapned to 
ll Navigation Indeed the difficulty lies in 
WM this, that the Needle touched by the Load- 
oY ſtone in ſeveral places admits of fevcral 
VYariations,which muſt be carefully obſery- 


"M ed and taken notice of. 

d] 

fo SC, 4. 
N) 


WW Tofind this Variation of the Needle or Compaſs. 


There are ſeveral wates, As by the Axzi- 
muth Compaſs, and by the Sea-Rings de- 
Ccribed by Mr. Wright ; but theſe are char- 
geable. 1 ſhall in this place only ſhew you 
how to doit thele three waics, the one at 


Land, the other will ſerveboth art Sca and 
Land. 


l. To find the Variation of the Compaſs, arid 
withal, a true Meridian Line. 


Firſt, Deſcribe ſeveral Circles upon a 
Plain, and in theCentre place a Gr0mm or 
Ire perpendicular as AB. In the Fore- 
N noon 
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noon obſerve when the Extremity of the 
ihadow of AB puſt touches one of the ſaid 
Circles, and make there a mark at C. 1: 
the Afternoon obſerve 2gain , when the 
extremity of the ſhadow of AB toucheth 
the ſame Circle, making there another 
mark at D. Divide the Diſtance CD Ut 
ro 2 equal parts, which ſuppoſe at E draw 
the Line EAF, which is the Meridian Line: 
Then place a Needle GH upon the Cente!, 
and mark how many degrees the point 0! 
the Needle Gis from E, ſo much doth tit 
Needle vary from the North in that plac 


II. To find the Variation of the Needle by il! 
Globe either at Sea or Land. 


Firſt, Rectific the Globe, and bring t 
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Gns place to the Eaſt ſide of the Horizon, 
2nd lookin the Circle of Winds, and a- 
czinſt the place of the Sun you have the 
yoint of the Compaſs upon which the Sun 
rikth: Then obſerve by the Compaſs what 
point of the Compals the Sun riſeth or ſets 
on Morning or Evening,and ſee what ditfte- 
rence there is by the Globe and by the 
Compaſs, and that 1s the Variation (it any 
te.) Allowing for this variation , the 
Needle will alwaics ſhew the Rumb, or the 


true point of the Compals upon which the 


Ship 15 ſteer'd. 


ll, To find the Suns Amplituae, and there- 
by the Variation of the Compaſs. 


As the Co-fine of the Latitude 1s to Ra- 
Cius, ſo is the fine of the Declination to the 
line of the Amplitude, Suppoſe the Latitude 
ſ1 4.32 2. 1ts Co-fine or Complement is 
35 d. 28 m. the Snns Declination 15 4. 
1». the Amplitude will be fonnd to be 
244, 522, North, becauſe the Declina- 
tion is North. Now the Circumference of 
the Compaſs divided into 360 4d. obſerve at 
the Suns riſing and ſetting how many de- 
Erces the Sun is from the direct point of 
the Amplitude, and ſo much doth the Nce- 
Cle varie in that place. This Obſervation 
5 beſt to be made, when the lower cdge 

N 2 of 
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of the Sun ſeems juſt to touch the Horizoy 


SECT --4. 
In the fifth and laſt place, To find tbe Diſtan 


Run. 


This 1s to know what way the Ship 
mskes 1n ſuch a ſpace of time; or how mz. 
ny Leagues or Miles the Ship runs in a: 
hour, &c.And this is uſually obſerved by the 
Log-Lineand Minute-Glaſs ; ſo many knots 
as the Ship runs in half a Minute, ſoinany 
Miles ſhe ſaileth in an hour ; the ſpace be- 
tween every knot being 41: Feet, reckon- 
ing 12 Inches to a Foot, F Foot to a Pace, 
and 1000 Paces to an Engliſh Mile : But 
enlarging the Mile according to Mr. Nr 
woods Obſervation , the diſtance between 
every knot muſt be 50 Foot, and then # 
many of thoſe as run out in half a Minute, 
ſo many Miles or Minutes the Ship fails is 
an hour, and for every Foot . more tie 
tenth part of a Mile : And if you pleale, 
you may bring theſe Miles into Leagues ac 
cording to the uſual Cuſtom of Sea-men; 
and every time the Log is caſt, it ought to 
be noted upon the Log-board what way tis 
Ship makes. Now beſides the Log-118c 1 
there hath heen ſeveral other Engines 10 


vented, ſome with Wheels, and _ 
othc 
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ather waies for this purpoſe;As1 have ſeen a 
wheel to Meaſure Land withal, and may be 
zpplyed to know how many Miles a Coach 
5s in an hour, or the like. And for to 
peaſure any ſmall quantity of time, I find 
no better an Invention than that ofa Swing 
(being proved by Experience) that a Bullet 
&c. hung in a ſtring, and being moved from 
the perpendicular to any Angle (keeping 
1M the ſtring ſtrait) and lo Jet go to have its 
Mown Swing, will keep ſuch exaCt time in 
Wits ſwinging, that though it fetch a larger 
7M Compaſs at firft than afterwards , yet it 
-M keeps the very ſave time in every Swing, 
-M only the length of the ſtring is the thing 

that alters the time ; and therefore it you 
{would have it go faſter or ſlower, you 
MW muſt make your ſtring ſhorter or longer : 
{MW Asaſtring of 35! Inches long, (meaſuring 
5M from the Center of the Plammet) will ex- 
MF &tly make co ſwings in a Minute of an 
© hour, and ſo proportionably if you would 
ive fewer ſwings in the time, you mult 
\ !engthen the ſtring, or if more, you muſt 
-M ſforten it. This is meant when the ſtring 
WM 5 faſtned to ſomething in the top of a 
"© Room, or ſo: Bur if you hold it in your 
WF hand, it js obſerved that 315 Inches in 
W !*ngth will do the fame as 38; faſtned to 
Wy ſteddy thing. This may very proper- 
ly beuſed in ſtead of the half Minute glaſs 
adoarda Ship. N 3 SECT. 


)N 
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STFCT 6. 


Thus you ſee how you may find ly obfer 
vation the Latitude and Longitude, the 
Rumd, and the Diſtance run: Any two 0 
which being known(by reaſon of the Riz! 
Angle, which is alſo alwaies known : ) The 
other two may be eaſily found by Trize- 


zometry, Or the Reſolution of a Plain \Rijght t 


_—O— 
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/ 


Angled Triangle, as you may ſee in tie 
Triangle ABC: The Hypothenuſe alwaics 
repreſenting the Diſtance run AB, the A! 
{le ar the North point A repreſents t'? 
Rum?) 


Il, 


BOOK IT. Of Navigation. 270 
Rumb which (in the Triangle DAC 1s 
North-Weſt and by North: ) in the Trian- 
rle BAC is North-Weſt : The Baſe B C 1s 
the difference of Longitude or Ugparture 
from the Meridian; the perpendicular A C 
3 the Dilference of Latitude, and the An- 
cleat C you ſee isa Right Angle ; and the 
Angle at B ſhould be the complement of 
the Rumb. 

Now the Tranſmutation of the things 
to be granted or known , and to be en- 
cuired after in theſe four Terms, (v:z. the: 
Difference of Latitude, the difference of 
Longitude, the Rumb , and the Diſtance- 
run) may be propoſed fix manner of wales, 
and every Propolition relolved by the Re- 
folution of this plain Right-Angled Trt- 
angle, as follows in Sailing by the Pliun 
Cart. 


» 


SEE 


The Difference of Latitude AC and Difite- 
rence of Longitude BC being known, The 
Rumb and Diſtance z. e. the Angle A, and 
the Hypothenuſe AB may be ſound. 


This is the ſame as having two lides and 
aRight Angle betwixt them, to find the: 
other two Angles, and the third ſide, as1s 
taught pag. 137. Or by ProtreCtion, thus - 

N 4 Firſt, 
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Firſt, lay down the Baſe go Miles, beins 
the difference of Longitude BC, and upon 
Lie point Cprotratt an Angle of go 4. ]ay. 
ing dow the perpendicular 87 AC, being 

the difference of Latitude, and to touch 

the ends or extremities of both theſe dray 
the Hypothenuſe or Diſtance run 125 AB, 


19 ſail the Angle at A be the Rumb 454 
Vigepto. 132, 


P KO P.: 2; 


The Difference of Longitude BC, ard 
the Rumb A being known 5 The difference 
of Latitude, ſide AC, and thc Diſtai.ce run, 


s. AB. may be found. 


This 1s the ſame, as to have 2 Angles 
and a fide given, to find the other t19 
ſides : which is done by the general Rule, 
p4g- 141. For asthe Angle at 4d hich re- 
preſents the Rumb 45 is to the Bale BC v0 
Mites, ſo 1s the Right Angleat C go 4. to 
the Diſtance s, AB 126 Miles, and lo 15 the 
Complement of the Rumb, viz. 45 at the 
Angle B to the perpendicular or diterence 
of Latitude $7 Miles AC, either to b! 
wronght by Logarithmes, paz. 31. or by 
the Lines of Numbers, Sines , and Tar- 

gCnts) 


BOOK II. Of Navigation. 273 


zents, pag- 41. or by Protradtgon, pag. 132: 
to which places | refer the Reader. 


FRET. 3 


The difference of Longitude BC, and 
the Diſtance run s. A B. being known. 

The Difference of Latitude 5s. A C, and 
the Rumb Angle A, may be found. 


Suppoling the Right Angle at Cod. to 
be known with the other 2 fides BC and 
4B. This is the ſame, as having two ſides 
andan Angle oppolite to one of them, to 
ind the other Angle oppoſite to the other 
ide given, and the third fide. Therefore 
by the Rule of 3 ſay, as 90, or Radius is to 
1, AB. 126, fois the s. BC. go Miles to the 
angle A 45 d. 


PROP. 


The Difference of the Latitude AC, an4 
the Rumb, the Angle at A being known, 
| The difference of Longitude B C, and 
tne Diſtance run 5 AB. may be found. 


[nthis Propoſition (ſuppoſing the Right 
angle alſo given) you have all the three 
angles given, the third Angle being the 
N 5 Com- 
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Complementgf the Rumb to go, viz. 54 4, 
4 nerefore ſay by the Rule of Proportion, 
As the Complement of the Angleat A, vi:, 
the Angle B 45 4. is to the s. AC, to is 
the Rumb or Angleat A 45 4. to thes, BC, 
and fo 1s Radiusor 904. to the s. AB. 


F'* 0: v 


The Difterence of the Latitude AC, and 
the Diltance run AB, with the Right Ar- 
gle C being known, 

The Rumb A, and Difference of Lonei: 
tude B C, may be found. 


This 1s to have two fides and an Angle 
oTTolite to one of them given, to find the 
Reſt, as in Prop. 3. As the Angle C 1s to 
s. AB, fois s. AC to the Angle B, and 10 
is1ts Complement A to 5s. BC, which Com: 
pleme:t is the Rumb, and the tide BC 15 
the di.Icrence of Longitude required. 


FA QF, 6 


The Rumb, Angle at A, and the Di 


. 


ſtance run AB, with the Riyht Angle bein; 


_ 


knowns 
The Difference of Longitude BC, © 
Difference of Latitude AC. may be foun. 
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This Propoſition is of all other the moſt 
uſeful, theſe being the molt uſual Dara's to 
fnd the other 3 moſt Sea-men keeping an 
Account only of the Rumb or Point of the 
Compaſs faild upon ; and the Diſtance run 
by often caſting the Log-line. 

And it 1s the ſame 2s having 2 Angles and 
2 de oppoſite to one of them given, to find 
thereſt of the Triangle, as prop. 2; 3, 55 
therefore by the Rule of Proportion, ſay, 
As the Angle C904. 1s to s. AB the di- 
ſtance run, ſo is the Rumb or Angle A to 
the s. BC the Difference of Longitude,and ſo 
is the Complement of the Rumd to 90, viz. 
angleB, tos. AC the difference of Lati- 
tude. In this Propoſition, as allo in any 
other, where the Rumb is given, as Prop. 
244, having the Rumb piven, and the 
Right Angle, you have alto the third An- 
zle given, being the Complement of the 
Rumb togo, which makes it very calie to 
reſolved. And thus you ſee theie 6 Pro- 
politions'of Plain Sailing, (or if there can 
v2 more Tranſmutations of theſe 4 princi- 
pal TermSin Navigation) may all be reſol- 
ved dy Trigonometry : So that hence you will 
ciearly dilcern, that not only Surveying, 
but IVavigation alſo is performed by the 
Relolution of a Triangle, and that only a- 
Platn Triangle ; and Navigation (altoge- 
mr) and Sz-ypeying for the moſt Fart, by a, 
Rizht: 
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Right Angled Plain Triangle only : where. 
by tne ealineſs of both, and rhe excellency 
of Tr:gonometry do moſt maniteſtly appear, 


7 7 RT. 7 
A Travis, 


What hath hitherto been ſpoken con- 
cerning, Navigation, reſpeCts only a dire 
fIingle Courſe where a man needs not Lz- 
vere, or change his courſe atall; and for a 
Travis, 1t 1s the ſame thing only wrought 
by ſo many more Triangles, every time you 
change your courſe conſtitutes a nei Tri- 
angle, as by the following Example. 

As ſuppoſe | fet out from Sommars Iſland, 
Iying in the Latitude of 324. 29 m. North 
Latitude, and Sail S E go Leagues ; from 
thence | Sail SSE, till I alter my Latit"ce 
one Degree; and from thence npon tome 
point between North and Eaſt I Sail 49 
Leagnes, till lalter my Latitude ore De- 
gree, 45 m I demand what Latitude I am 
In; my diſtance from the place whence 
ſer Sail: My departure from my firſt Me- 
Tidtan, likewiſe my Courſe made good : 
When ail this is done and protracted, tie 
difference of Latitude is AR, recko!1ng 
20 Leagues, or 60 Miles toa Deegrec, 15 21 
Leagues, or 63 Miles; and therefore 1n cc- 

EICes. . 
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erees,.1 d. 3 which becauſe it is Souther- 
7, ſubſtract from your firſt Latitude, (if 
It had been Northerly, you muſt have 410- 
ed it thereunto.) And that is your pre- 
ent Latitude. 


Secondly , The diſtance run (as if you 
had gone diredly ſtreight) is AF 70 Leagues 
tzxen from the ſame Scale of equal parts, 
3 ACor EF was taken. 

Thirdly, The Departure from the Me- 
ndian is RF 67. 

Fourthly, The point of the Compaſs that 

the Ship lies now from Sommars Iſland, 1s 


iromH to F, viz, ESE half a Point Eaſterly. 
PROBL. 
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7&0 5:£& --v; 


Sailing away W SW, I ſee a point of Lind 
which I find tobear from me WB, and ha. 
ving Sailed 6 Leagues further I find it bear; 
from me NWBW, ] would know hoy far it 
is Diſtant from me. 

This 1s done in Plain Sailins after t: 
ſame manner as to .take an inacceſſible 0i- 
ſtance at 2 Stations at Land, as in par. 197. 


FR 0B LF, 2; 


A Merchant Man being in the Latitu: 
of 434. falls into the hands of Pyratcs, 
who amongſt other things take away 
his Sea-Compaſs, but when he is got- 
ten clear, he ſails away as directly 25 ht 
can, and after two days meets with a Var 
of War,who alſo had been the day before ir 
the Latitude of 43 d. and had Sailed thence 
SEBS. 37 Leagnes. He bcing delirous 
find thoſe Pyrates, the Merchant Man te! 
him he left them lying to and fro whe 
they took him, and he had Sailed lince © 
Jeaſt 64 Leagues between the Soutl att 
Weſt, what Courſe ſhall the Man oi \\*! 
ſhape to find theſe Pirates. 

This is done much after the ſame mani 
as the former, ſuppoſe AE the Parallc! 0 

43 6 
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43 4. D theplace where the Ships meet 
the Angle at E, the Rumb upon which the 


Van of War Sailed SEBS 334. 45 m. DE 
his diſtance 37 Leagues, AD the diſtance 
Sail'd by the Merchant Man. Now by thele 
you are to find the Angle A, which you will 
find 20 4. within *! point of SSW, to hath 
the Merchant Man ſailed, and therefore the 
Man of War muſt Sail NNE, within |: 
point of the Compals. 

[ might add many more ſuch like as you 
find them in Norwoods Epitomy, to which 
| refer the Reader ; done after the manner 
of Plain Sailing, ſuppcſing the Degrees of 
Longitude and Latitude are both equal. 

This Travis, as alſo the eight former 
Propoſitions are all wrought by that way of 
dalling , which we call Plain-Satling , or 
dalling by the Plain Cart,which is very ecalic 
and alſoexatt enough for ſhort Diſtances, 
and near the EquinoQial z in other Voyages 

1 
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it is ſubject to Error, as ſuppoſing the De- 
| grees of Longitude to be the ſame in every 
parallel of Latirude ; or that the Dcprec, 
both of Longitnde and Latitude re the 
ſime all the world over, which is a grand 
| Miſtake, as Mr. » r7:1ghr makes it appear i; 
his Errors of Navigation, and with] hath 
found a Reinedy tor it, by dr:wing a true 
Sea-Cart by the Meridian Line, which he 
calls Mercators Chart , being according to 
Mercators Projettion. | 
The Difference between Sailing by the 
Plain Chart, and Sathing by Mercators Chart; 
that 1s, the Ditference betwixt keeping an 
account either by the one, or by the others 
conſiſts in thele particulars. 

Firſt, In the Plain Chart both the Meri- 
dians and Parallels, or (in plain Termes) 
the Degrees of Longitude and Latitude, 
are all equal, and mealured by the ſame Scalz 
of equal Parts, and therefore by conlc- 
[| quence the Diſtance mult be alſo meaſured 

| by theſame Scale, and fo all the three lidc3 

; of any Plain Right-Angled Triangle re: 

| preſenting theſe, viz. The Baſe, the Per- 

; Pendicular, and the Hypothenuſe are 3! 

'  mealuredby one and the ſame Line of £quz! 
Parts, 

But finding this way, viz. by the 74m 

Chart very erroneous, being grounded up9N 

errone- 
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roneous Principles, as is ſhewed by Mr. 
Frieht in hiserrors of Vavigation, as allo 
7 Leybarn in his ninth GeometricalExercile. 
he Projection of the Mercators Chart , 
nd keeping a reckoning at Sea by that , 
iſcovers the true Longitude, Latit':de, and 
ſtance moſt exa&tly. For the Meridians 
ing great Circles of the Globe are al- 
ries equal, and the Degrees of Latitude 
eaſured thereupon are alſo equal : 

But the Parallels(to the EquinoCtial)are 
|| leſſer Circles of the Globe, and towards 
ther Pole alwaies grow leſler and leſler, 
as may moſt evidently appear by the 
lobe it ſelf if you pleaſe ro caſt your 
ye upon It : ) And therefore the Degrees of 
ongitude which are meaſured upon theſe 
arallels do differ in every Latitude : 
1erefore one ſide of /Mercatoers Chart is the 
leridian Line of unequal Parts, and the _ 
ther fide is a Line or Scale of equal Parts 
ly : Upon the Meridian Line of the Chare 
meaſured the Difference of Latitudes , 
4 the Diſtance upon the Rumb. The 
Vitterence of Longitude is meaſured upon 
ic EquinoCtial Line , or Line of equal 
arts: And in Trigonometry, becauſe the 
ces of all Triangles ought to be brought 
» the ſame proportional parts one with 
'0ther , that is the meaning of Meridio- 
nat 
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nal Parts ; for inſtead of the unequal Par 

of the Meridian Line, you take the equa 
parts of the Line of Lines anſwering ther: 
unto : Now how to find theſe Meridion 

Parts In reference to the Latitude you hi; 
plainly ſet down pag. 283. The lame Ru 

will alſo ſerve for the Diſtance betwee: 
any two places, provided that taking th 
lame Diſtance in your Compalſes, you { 
one Foot of your Compaſles as much belo; 
the lefler Latitude, as the other above t! 
Sreater Latitude. 

Then by the former Rules, p47. 25: 
find the Meridional Parts anſwering to ti 
Degrees on the Meridian [ ine intercepted 
betwixt the feet of the Compaſſes, ail 
thoſe are the Meridional Parts anſwering to 
the Diſtance upon the Rhumb, and to 
uſed inſtead thereof. | 

So that you ſee in ſhort, the difference 
twixt Sailing by the Plain Chart,and Merc 
tors Chart,which differ in this,and this 0): 
That in the Plain Chart both the differen 
of Longitude and Latitude, as allo the 
ſtance are all meaſured by the ſame Scaie% 
equal parts ; but in Mercators Chart the Cc: 
ference of Longitude only is meaſured uj0 
the ſcale of equal parts, and the dificrence® 
Latitude and diſtance mult be alwales mc!” 
red upon,and taken out of the MeridianLiis 


of the Chart: And when either thc ditterenc 
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of Latitude or the diſtance is oppoſed in 
\M?roportion to the Lorgitude, inſtead of the 
Mbcgrees of the Meridian Line you muſt 
uſe the Meridional Parts anſwering there- 
Minto, which by moiſt are called the Meri- 
dional Diſtance, or Meridional difference 
Wof Latitude ; but Pl Mr. Leyburn in his 
Woeometrical Exerciſes, pag. 18. They are 
Walled the Proper diſtance, and the proper 
difference, which I ſhall retain in ſome of 
Withelc following Problems taken out of the 
ene Author. 


\ i x0 0, 
WM: Gunters Seftor the /Meridional Line 
being placed on the ſame ſide with the Line 


Wo Lines, you may thereby eaſily find theſe 
Meridional parts by theſe Rules. 


1, If you would know the difference of 
MWL.titude in Meridional parts betwixt two 
places, the one lying under the EquinoCti- 
a, (as the River of Amacones) the other 
In 50 degrees of North Latitude, ſuppoſe 
(the Lizard). Look for 50 on the Meridi- 
an Lice, and right againſt it on the Line 
0! Lives you find 57 d. 54. m. Or in decimal 
parts of a degree, 574. .*,"; and theſe are 
tne Meridional parts required, 

-, It both the places have Northerly or 
vutherly Latitude, as ſuppoſe onein 30 4. 
he other in 504, Extend your Compaſs 

rom 
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from one of the Latitudes to the other, +; 
from 30d. to 50 on the Meridian-Line MW 
The ſame Extent will reach from the he- 
ginning of the Lineof Lines to 26 4. :6n 
which 1s the Meridional parts required. 

3. When one of the places hath South- 
Latitude, and the other North, as ſup; of 
10 4. South, and the other 3o North. The 
Extent from the beginning of the Meridi- 
an Line to 10 degrees ſhall reach from 
30 d. on the Meridian Line, to 414. 31 n 
on the Line of Lines or equal parts, which 
are the Meridional Parts required. 


Knowing then how to find theſe Meri 
dional parts, Note that the difference of 
Latitude in theſe is called the Meridional 
difference of Latitude, and the true difit 
rence of Latitude is that which is found by 
ſubſtrafting the leſſer Latitude out of the 
greater, the Remainder is the true Latitude. 
This being premiſed, I ſhall now procee 
to theſe ſeveral Propoſitions. 


FEAEU E & ia 


The difference of Latitude, and ditte 


rence of Longitude being given or know!) 
to find the Rumb. 


. As the difference in Latitude 15 to 
dit 
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difference in Longitude , So 1s the Tan- 
rent of 45 to the Tangent of the Rumb. 
Suppoſe the two places be the Lyzard in 
$0 degrees North, the other St. Chriſtophers 
1n 15 4. 30 mm. the proper difference of L4- 
titude is 42+:,7., and the difference of Lon- 
vitude 68d, 5Om. Therefore the Extent 
on the Line of Numbers from 42;'.*, to 
68d, 50 m. ſhall reach the ſame way from 
the Tangent of 45, tothe Tangent of 58 4. 
26 m. which is the Rumb leading betwixt 
thoſe 2 places. 


PROSE 5-2; 


The Difference of Latitude and the 
Rumb given, to find the difference of Lon- 
eitude. | 


AS Radius, or the Tangent of 45 to the 
Tangent of the Rumb, fo is the proper 
difference of the Latitude to the difference 
of Longitude. 


FKOS8L. 3, 


By one Latitude,the difference of Longi- 
tude and the Rumb given, To find the other 
Latitude. 

AS the Radius is to the Co-Tangent of 
tne Rumb from the Meridian, fo ; the 

ifte- 
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difference of Longitude to the proper dif 
rence of Latitude. 


PROBL. 4 


Having the Latitude of one place (504) 
and the Rumb (334.45 m2.) leading from 
that place to another unknown ; and the 
diſtance upon the Rumb from the fr} 
place to the ſecond, (6 4.) To find thedif: 
ference of Longitude (5 d.) 

As the Radiusis to the ſine of the Rum) 
from the Meridian, ſo is the proper diſtance 
upon the Rumb to the difference of Lonzi- 
tude, 


PROBL. 5, 


The difference of Longitude, one Liti 
tude and the Rumb givyen, to find the di 
ſtance. 

As the Sine of the Rumb is to the diff 
rence of Longitude, ſo is the Radius tottt 
proper diſtance. 


7 KOB Lb. 6, 


Difference of Longitude, and diſtance 
with the Latitude of one of the places 8 
ven, to find the Rhumb that leads tro" 
one to the other. F 
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As the proper diſtance is to the diffe- 
ace of Longitude, fo is Radius to the 
ine of the Rumb. 


FARAUBEB L-7, 


The Longitude and Latitude of two 
laces being given, to find the diſtance and 
umb. 

As the proper difference of Latitude is 
othe Radius, ſo is the difference of Longi- 
ude to the Tangent of the Rumb from the 
eridian : And as the Sine of the Rumb is 
d the difference of Longitude, ſo 1s the 
\adius to the proper diſtance. 


P ROB L. 8. 


KY [hedifference of Latitudes and their di- 
{Weice upon the Rhumb given, to find the 
lifference of Longitude: 

fsthe proper diſtance is to Radius, fo 1s 
© Proper difference of Latitudes to the 
0-line of the Rumb from the Meridian : 
ind fo is the Sine of the Rhumb trom the 
leridian to the difference of Longitude. 


PROB L. 9. 


The Difference of Longitude of two pla- 


5, their Diſtance upon the Rumb, and the 
Latitude 


OV AE AI SG ES ES Foot uR 7 (PEI, 7 7 es Ah > 
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Latitude of one of the places being vive; 
To find the Difference of Latitades. 

As the proper diſtance is to the Radius,ſ 
is the difference of Longitude to the inclin; 
tion of the Rumb to the Meridian : And 


Co-ſine of the Rhumb to the difference 5 
Latitudes. 


FRKOBL; 106; 


By one Latitude, Diſtanceand Rumb, tt 
find the other Latitude. 

As Sine 9o, or Radius 1s to the Coſine 0 
the Rumb, ſo is the diſtance to the trut 
difference of Latitude : 

I ſhall now*proceed to ſhew you M 


Philizs's way of drawing a Mercators Char 
and how to meaſure both Longitude, Lui 
tude, and Diſtance thereupon, and to ket 
an account of a Voyage thereby, as is px! 
formed by him in his Geometrical Seami! 
which I recommend as a -Book of very *! 
cellent uſe to Seamen and Iuch as delire ! 
be moreat large informed in all the par! 
culars concerning Navigation in all ts 
three kinds : Of Sailing by the Plain C0 
Mercators Chart, or by the Arch of a gre 
Circle, I ſhall in this place content 
ſelf only to Epitomize the Uſe and Fig 
of his Mercators Chart as follows. 


Ko 
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Knowing the Longitude and Latitude of two 
places, to' ſet them upon the Chart, and to 


find the Rhumb leading from one of the p(a- 
ces to the other, 


Suppoſe Summers Iſland , whole Long:- 
tde 1s 300, and Latitude 32 4. 25 m. the 
exatt place to ſet that down 1n the Cart 13 
t S. Then tluppoſe you would fet down 
the Lyzard, whoſe Longitude ſuppoſe 10 4. 
and Latitude 50, the exaCt place for that 
sat L. Then draw a ſtreight Line from 
Sto L, and that 1s the Diſtance; and the 
WAzgle which it makes with the Meridian 
of $, is the Rumb which leads from one of 
the places to the other, which meaſured 
10 your Scale of Rumbs, you will find 71 4. 
21”, or the lixth Rumb, and lomething 


ove a Quarter, which is ENE more than 
; Eaſterly. 


To find the Difference of Latitude, and 11et 


aff erence of Longitude, and to Meaſure the 
Diſtance. 


Firſt, For the Difference of Latitude , 
you lee :t is from 32d. 30 m. to 504. 
wich is 17 4. 30 m, The difference of 
Longitude is 750 4. To meaiure the di- 

nce upon the Rumb betwixt Sand L, do 
tus, Firſt, Divide the diſtance that is in 

O the 
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' the Meridian Line between the two Lei 
tudes Into two equal parts, which in thi 
Example will fall at 42 Degrees. The 
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3-00 Zlo 320 339 340 350 360 Þ 
The EquinoQtial Line. 


take with your Compaſſes half the lent! 
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MW of the Line LS which is LM, and with that 
A ciſtance ſet one foot of your Compoſles tn 

42, the middle point betwixt the two La: 

titudes, you Will find the other foot will 
WM reach downwards to 8 4. 30 mm. and up- 
wards to 63 4. 39m. Ihe Degrees in the 
Meridian. Line betwixt thele 2 points are 
$5 degrees, which 4s 11co Leagues, and 
this is the true diſtance upon the Rhumb 
betwixt Sand L. 


To Meaſure a Parallel Diſtance between two 
places. 


Suppoſe the places-to be Land T both in 
the Latitude of 50 degrees, their diflerence 
of Longitude being 70, divide the diſtance 
DetWIXT Land T into 2 equal parts which 
52tQ. Take L Q in your Compaltes, and 
ſetting one foot in 50 Degrecs ol the Mert- 
Clan Line, or the degrees of Latitude , the 
other foot will reach downwards to 22 4. 
30m, and upwards to 67 d. 30 27. and if 
you count the degrees intercepted between 
tele two points, you will find them 45 4: 
Which multiplyed by 29, gives the diſtance 
between theſe two places 900 Leagues. 
| It two places differ only in Latitude 
| andlye under the fame Meridian : The De- 
| Brees between them upon the vieridian 
e gives the Degrees, which multiplyed 

Q-2 by 
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by 2C, bring theminto Leagues, or hy 65 
into Engliſh Miles. 

Having Salled from the Lyzard about the 
Diſtance of 15 degrees upon the ſame Rum 
as In the Chart, you would know wha: 
Longitude and Latitude you are come to, 
or the point where the ſhip then is. 

Take 15 degreesin:your Compaſſes from 
5o ( or L.) which ſignifies the Ly:ard) 
out of the Meridian line; or the degrees of 
latitude whatſoever they be , which will 
reach to 35 4. in this Example. 

Set this diſtance upon the Rumb line you 
Sail upon, which will be at V; lay your 
Ruler by that mark from 46 and 46 in the 
Meridian-line, and that is your latitude : 
do the like for your longitude, and you will 
find it 351, or thereabouts, 


To avoid Sailing in a Parallel that 1s (it 
Eaft and Weſt at any time. 


It will be your beſt way to ſteere no nes 
rer to the Eaſt or Weſt than the 7 Rum!) 
from the Meridian, for ſo you may by your 
obſervation of the latitude correCt your ac- 
count, which otherwiſe you cannot do, and 
In doing thus, you will not go much out of 
your way ; forif the two places be diſtant 
10 degrees, if you fail one half of your way 


:pon the ſeventh Rumb, you will rails 008 
0 
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Pole very.near 1 degree, viz. ;*5?, and it 
you lay the Pole as much upon the ſeventh 
Rumb thewther way, fo you will come to 
the place delired, having run the fame (1- 
tance as before, viz. 5 leagues. Thus in 
a Voyage of 10 degrees, or 200 leagues, you 
z0 not fully 4 leagues out of your way , 
which is not one 1n 50, which will be well 
recompenſed, becauſe in Sailing thus uj on 
the ſeventh Rumb, you may by the ovicr-= 
ration of the latitude coriect your Ac- 
count, 

Note that a Travis may be drawn upon 
this Chart, as that inpag. 277 is done upon 
the Plain Chart, mutatis matandis 1n the la- 
ltude and Diſtance. 

And thus much ſhall ſuffice to have ſpoken 
of Sailing by the Plain Chart, or Mercarors 
Chart, Thoſe that have a mind to underſtand 
the third kind of Sailing by the Arch of a 
freat Circle, they may conſult Pyelips his 
Geometrical Seamen and other Authors: 
| ſhall not here inliſt upon it, conceiving It 
[to be rather a piece ot Nicetic, than any 
preat matter of ſolidity which 1 diſcern 1n 
It; yet withal do take it for an unqueſtio- 
[1able verity, that it is the neareſt way by 

realon of the Sphzrical Form of the Farth 
[and Sea, and circularity of the Terre{trial 
(Globe, But to let this paſs, I ſhall con- 
clude what I intend to ſay concerning, Na- 

O-3 U: Tarr 


- and make 1t a Parallel Radivs by fitting 1! 


SppROts you ha 'e 2 Quadrant, tie ons 
ſide whereof being the full Radius may | ze dt- 
vided L:. to. © C ua] Parts. ne other 11de into 
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71o4tion 11 theſe following particulars. 

1. To ſhew how many leagues do anſwer 
to one degree of longitude 1n every ſeveral 
!13tttude. 

To ſhew how many leagnes do an- 
wertoa degree of latitude in every levera] 
i\. __ 


To know the Burden of a Ship , and 
nb to Bild a Ship to any proportion or | 
Bigneis. 

ti, Fo know how many leagues do an- 
fwer to a degree of longitude in every feve- 
ral Jatitude. 

As the Radius (or ſineof 904.) 1s to 25 in 
the line of Numbers, (or 60 if yon de'irc 
Miles) ſo 1s the Co-fine of latitude (at Los: 
don 38 4. 38.) to the number of leagues cr 
Miles in that latitude (viz.at Londor) 37 
Miles, or 12 leagues, fere. 


To do this by the SeCtor, 
Take 20 leagues out of the line of lines: 


over in the lines of go and go, 19 his Pari:- 
ſel fine taken ont of the complement of th: 
latitude, (viz. 25. 15.) will give the leagl.e: 
(viz. 13.) 

Todo oy another way : 


60 ; 
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(0; then with your Compalles take the near- 
diſtance from rhe complement of thelati- 
de to the ſide cf the Quadrant, and that 
litance meaſured upon the line divided in- 
t020 from the Center, will give the leagues 
pon the line of 60,which will give tho miles 
nſwerable ro one De: grce 07 longitude in 
that latitude. . Other waies there may be 
for doing this, but thele are ſuthcient. 

2, To know how many leagues do an- 
ſer to a degree of latitude in every feve- 
ral Rumb, our more Plzinly to know how 
many leagues you are to fail upon each 
Rhumb betore you raiſe or dei-rels the Pole 
one Degree. 

As the complement of the Rhumb 1s to 
20 leagues the meaſire of one degree at 

the Meridian, ſo1s the Radius to the leagres 
2:lwering to one degree upon the Rumb. 

As ſ1ppoſe Sailing NEBN from 50 4. of 
latitude, it were required how many leagues 
the Ship ſhould run before it ſhould come to 
514, of latitude : Becauſe this is the third 
Rumb, and the inclination thereof 23 d, 
45m. The Compiement thereot 1s 55 4. 
I5m, Therefore the Extent of the Com- 
paſſes from 56 4. 15 #. upon the line of 
vines to 20 upon the line of Numbers, the 
lame extent the ſame way will reach from 
Radius or the Sine of 590 4. to 24, ſo many 
leagues muſt be ſailed to raiſe the Pole 1 4. 
O 4 To- 


: ty pomp _—_— rr ny 
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To do this by the Sector: 


Take 20 leagues from the line of lines, 
and make it a parallel ſine of 56 d. 15 », 
and his parallel Radius between 9o andgo 
meaſired in the ſame line of lines, will ſhew 
you 24 for the Number of leagues required. 


_ —_ _—. — 
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"North And: 20), .-- 
BR” | You keepthe lame |\g,,;þ 5 
| South Meridian Leagues, | = 
Javing changed your 5 

x. , Upon the 2 [Parallel a degree of 7 > 
= | iſt.Rumb F |Laritude, your de-% & 20' | - © 
» | 2arture from the Me- | FR 
& ridian 15 4 Leagues. Wh 
= ? 5 
- | Upon the 2 8: & 21* R 
avs py df 
* - = 20 |= & 28 8 
F130 13 0.46-7- 5 

C | 48 Ax2.-1-3 

+. 7] ES. a 9 4 > So 
Eaſt You are ſtill in a Parallel, and neither raiſc . | 

" nor lay the Pole at all. 


— —_——— tt 


To Convert Deorees and Minntes into Hours 

and Minutes, 

Note that 15 Degrees makes an Hour , 
therefore divide the degrees by 15, the 
Quoticnt will be Hours : The Fraction (it 

any 
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xy remain) multiply by 4, ( becauſe every 
Degree is 4 Minutes of time) and to the 
Product add every 15 Minnte of a Degree 
if any be) for ſo many makes a Minute in 
time. This will exa&tly reduce Degrees 
ind Minutes to Hours and Minutes. As 
for Example 118 d. by 15. the Quotient” 
s 7 Fraction 13, which multiplyed by 4; 
52, Total 7 H. 52 M. asabore. 

But for your ready finding, of your true 
Northing and Southing, or Ealting and 
Weſting, or in other Terms your Diffe- 
rence of Latitude and difference 'of Lon- 
2Iitude by the Rumb and diſtance given, or 
by knowing how many Leagues you have 
ied upon any Rumb : You have excellent 
Tables in Pnlips's Geometrical Sca-man , 
and in Starmy, Or tO lupply thoic you may 
have a Traverſe Scale, which 1s a Sliding 
Sale, on one lide having a Line of Num- 
bers, on the other {ide the Rumbs: The 
weol1t 1s thus; Set your diſtance run a- 
zanſt the Radius (which 15 the eighth 
kumb) and the Number of Leagues agaii ſt 
the Rumb you failed upon, is the difference 
o& Longitude, or your departure {rom 
Meridian » or your Eaſtir Weſtin 
(call it which you will) and the Mumnhe: 
Leagues oppolite to the Cornplets 
Kumb is the Gifferer.c: 


[| 
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pley ſuppoſe you Sail 57 Leagues upon the 
third Rumb, and would know how many 
Leagues you have aitered your longitude 
or latitude : Set 57 the leagues ſailed to 
Radius(or theeighth Rumb;) "OR SEU 
the third Rumb, there you find 31. 
tor your departure from the Meridian : or | 
{{1fference of Longitude, and againit the 
DULCE of the faid Rumb, which is 5, 
2r the fifth Rumb, there you will find we | 
32VCS,..and 10 DISH leagues 1s your dit! 
"Latitude: The like of all other. 


- Z i A ' 


# | (1 Le Gf ti? Tea Onadrant. 


UL Intrument conſiſts of 3 Vanes ar: 
Arcnes,. one of 60, and the other 30 
which together make go Degrees , an 
therefore call'd a v Cacrany I0h6-3-y. 
re the ught Vane upon the 230 Arch, th 
Shagov-Vane up Pon the 60 Arch, and the 
Aortzen-Vancat the Angle A: Soturn your 
Dack tf FRO and move the lights; ay 
the ſh2dow and the Horizon be ſeen tv 
Thtr, and then upon the 60 or lclier kc n | 
»Jf i 208 cut | Ly the wPPEt< 
I your Saad: adv ane, and add thole t othe 
at by the inlide of the Stght-* a IC 
29 Arch, which | Degrees 2 ded 
, the lummis the Shel on 
the Altitude, or tho Suns diſtencefrom the 
ZEDIEH 19: 


\O 
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To heep a reckoning upon 4 Plat of a whole 
Voyaze. 


Suppoſe you Sail from the Lizard South» 
Faſtward (which we lippole in the Lati- - 
tade 50', oo degrees) and the dilference ot 
atitude 3 degrees, which dediCt from 50 4. 
2nd then the Tatitude the ſhiÞ is now 1n 1s 
47 d, and ſuppoſe your courle run 50 leagues 
Laitward, 

" Therefore to ſet the place of your ſhip 
won your Plat, you muſt uſe two pair of 
Compaſles, with one pair take the extent; 
Dtween the latitude 50 degrees and 47 
dezrees, and with that extent fot one point 
of your Compalies in the Lizard, the other 
extend towards the place where the ShIP 1s 
tow, but fo that your Compalles ſtand pa- 
raliel to a North and South Line. This 
cone, keep one foot of your Compaſles in 
that point, and with the other pair take - 
thed>parture 50 leagues from tliz Scale of 
leagnes, then interciange your Tompalles, 
placing this laſt pair in the point where 

e other pair ſtood, ſet Tits departure 50 

Jeapues to the Ealtward; but fo that your 
Compaſles may ſtand parat'l and to an 
ale and Weſt Line. (his you may hnd 

by trying with your other Compaſles whe- 
lher the legs be equidiltant from the next 

Eaſt and \WeR line J- T hz5i5 


bs IR 1 


ER. 


WY 0) RIOT” 2 Od PRE ca tir fb Dc no 7 IO WOO es ne 
ORAL IIS a Way 


COR IR) OO - 


200 Of Narwieation, BOOK, [l, 


This ſecond point thus found upon the 
Plat is the place of the Ship (according t9 
your reckoning) which was required. This 
[ have ſeen praCtiſed by ſeveral Ship-Maſters 
npon Maps.and isa very ready way, mark- 

ng the placg,where the Ship 1s with Chalk, 
which may be rubbed out again when you 
come at the next Station. 


Hlow to know what Burthen a Ship is of. 


The general recetv'd Opinton 15 to take 


the length at the Keel, the Breadth at the | 


Beam, yt his Depth ia Hold, which mul- 
tiply one in the other, and divide the lat 
product by 100, gives you his Tunnaze, 
which is the Kings allowance : But Mer- 
chants divide by 110; but you mult note 
ti11s 1s of ſach Ships as are built Taper-wilc 
trom the Keele, but others think 95 a 
number realonable, 


Breadth29 
Deptn 13 


divided by 1co,ptives 2.82; 
7 Lunns. 


Length 75 os Produtt is 23275, which 


9#PPo Ing A Ship of l OO T im, and you wort: 
inake ancther Ship of double Burthen, 


Enppoſe this Ship of 100 Tun be 44 foot 
long by the Keel, 2e foot broad midihip 
Bcam 
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tame, 9. foot deep in Hold. Multiply each 


if thele Numbers cubically ; double the 
YTodudt, and then extratt the Cube Root. 
for Example, Multiply 44 by 44, makes 
1936, and that again by 44 makes 85184 
2r the Cube number, which being doubled 
becauſe the Ship is to be double the bur- 
hen of the other) ſo 1t makes 170368: 
fxtrat the Cubique Root of this Number, 
ndit will yield 55 feet 4,5 parts, which 
x5 inches, and almoſt 5 inch, and fo you 
nuſt do by all the other dimenſions of the 
Mip to find them, and ſo make them pro- 
rortionable, 


Wat due Proportion ought to be uſed in the 


Bulding of all Ships whatſoever. 


The due proportion of a Ship is, That 
Wii: longitude of the Veſſel whatſoever it be 
nore or leſs ought to be divided into 300 
{ual parts; of the which parts 30 muſt be 
lzned to the Depth , and the Breadth 
hall contain 50, or the+ part of the longi- 
de, ſo ſhall the Ship be both proportio- 
:2ble, and more fafe for Traffick. 

To conclude pleaſantly, 1 ſhall here give 
'0% Biſhop Wilkins device in his Mathema- 
vat Magick of making a Ship to Sail under 


Water : The Difficulties herein he reſolves. 


lus, 


I, No: 


EE Caen HCY 
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. No land Creatures (eſpecially men) 
can \ tes without Air wherein they m 
breathe, and therefore ſuch a Veſſel my Fu 
very large and ſpacious ; ſo as toallow Re- 
_— 

2. If ſo, How is it poflible that they 
ſhould ſwim or fail along. To this he ſaics, 
That thoſe Bodies which are carried 0: ithe 
Water, be they never ſo big or Ponderous 
(ſuppoſe equal to a City or whole Ilan 
yet they wil] alwaies ſwim on the top, it 
they be but any thing lighter than ſo much 
Water as 1s equal to them in bignels. 

3. How to poiſe this Veſſel ſo equally, 
That 1t (hall neither riſe too hizh, : 
ſink too low : This he propounds to = 
done by hanging more or leſs great weir: 
at the bottom. 

4. How the motion of this Vellel m!. 


be made, which mult be by Oars put tho- | 


rough the ſides of the Ships with leatler 
bags made faſt to the Hole, and tycd clok 
to the Oars, by which means the Oars ny 
move, and yetlet inno Water at all. 

5- The ſame device doth remedic tie 5 
and lalit, and greateſt diftculty, wiic! |; 
to take any thing into the Vellel, or Þ.: 


any thing out of the Veſlel without admit | 


ton of any Water: How this may be 0nc; 


he propounds thus ; Suppoſe a 1: -ather- 


bag of what bigneſs you "Peas made fol. 


111 
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nd cloſe to a Window round about, being 


hen any thing that is to be ſent out may be 
zfely put into that end within the Ship, 
jhich being again cloſe ſhut or tyed, and 
he other end looſed, the thing may be 
vfely ſent ont : And by the like means 
tow to recelve any thing into the Ship or 
\eſſel is eaſie to concelve, 

But I ſhall fail no further in this DiC 
courſe, the Voyage in fuch a Veſlel being 
rar as difficult and dangerous to perforin , 
$to fly into his New World of the Aon, 
thongh he tells you pag. 219. That if a 
tody were above the Sphere of the Magne- 
tical Vertue of the Earth (which he ſuppo- 
7s 20 Miles upwards, or ſo) he might there 
fndas firmly in the open Air, as he can 
19w upon the Ground. 

Or Secondly, If this Sailing urder Wa- 
tercould be performed, it wonld not be of 
much uſefulneſs ; therefore ſhall rank this 
emongſt thoie other concceits which arc 
demonſtrable, but not praCicable, ſuch as 
pulling up Trees by the Roots with a lingle 
air, or by the breath of a mans mouth : 
Ur Pythagoras writing in the Moon by re- 
'2tion : Or Archimedes his moving datum 
Ywdus cum data potentia ;, that if he did but 
iow where' to ſtand and faſten his Inſtru- 
ment, he could move the whole Terreſtrial 
Globe. 


a ty'd cloſe about towards the Window, 


as 
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Globe. More uſeful (if at all pratticahlc 


is his perpetnal motion ; but both uſefy 


and practicable, and in many places pra 
Qic'd and us'd is his Sailing Chariot, like 
that in Holland, which with the Wind 
would paſs from Scheveling to Putten In two 
hours, being diſtant more than 42 Eng!!! 
Miles. 

But paying due Honour and reſpett to the 
mention of this Reverend, Learned, and 
Inzenious Author , I ſhall here conclude 
what I have to ſay of Geometry in general. 
and in particular as to Servey..,g and Na- | 
vigation ; and proceed according to my pro- | 
pounded Method to more ſolid and ſcrious. 
Mathematical Propoſitions and Pradtical Cou- 
cluſrons in Aſtronomy. 


( 30J-J) 
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ASTRONOMY: 
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CHAP. L 


Aving hitherto treated of Arithme- 


H tick inthe four kinds of it, Common, 
Decimal, Logarithmetical, and 1n- 
/ramental, and alſo of Geometry both gene- 
| 1n the Reſolution of Geometrical Pro- 
viems and Propoſitions; and in the produ- 
(ng, reducing , and mealuring the three 
Principal Geometrical Figures: And like- 
le of Geometry in ſpecial applyed to Sur- 
reying and Navigation : I come now 1n the 
third place to treat of the third Mathe- 
Tatical Liberal Science, Which is Aſtronomy: 
and as Geometry may be ſaid to meaſure the 
©rth, or this whole Terreſtrial Globe of 
and Land, by taking Heights and Di- 
ſtances 


nu Ore Sine R a 7 Rn on 39» ea” 


. ces of thoſe Heavenly Bodies, viz. The 
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ſtances at Land in Surveying, and by takin 
Helghts and Diſtances at Sea in Vavirari 
on; $0 Aſtronomy may be ſaid to meature the 
Heavens by taking the Heights and DiſtanW; 


Planets and Fixed Stars. 

But that theſe Heights and Diſtance 
here principally meant and intended, may 
be entirely handled, and that other thing 
which concern Aſtronomy, may be the bette 
underſtood, I ſhall premiſe theſe ſeveral par-M” 
ticulars, and proceed in this Method. 

7. Iſhall give you the number and names 
of theſe Heavenly Bodies, viz. the Planets 
and Fixed Stars. 

2. [ ſhall ſhew you their Order, both 11 
the Ptolemaick and Copernican Syſtem: 0! 
the World, and give yon the Reaſons »1- 
ven on both lides , pro & con for cal 5y- 
ſteme. 

3-1 ſhall ſhew you their Periodical Rc 
VOLUtLONs. | 
4 [I ſhall ſhew you the Magnitudes. 

5- Their Heights or Diſtances from t1' 
Earth : | 

Which will lead me by the hand a5 !! 
were in the laſt place to ſpeak of thele ot'1*f 
Heights and Diſtances which | make !': 
Sum and Subſtance of Aftronomy as it Itancs 
in Analogy with Geometry in this plac* * 
And theſe, to wit, the latter ſort of Helz't 


C) 3 4 4 


00K 11, Of Aſtronomy. 207 
4 Diſtances are properly Queſtions of the 
whezr, therefore [ ſhall explain to yon the 
ation of the Sphere in plans, and the Re- 
ion of Spherical Triangles grounded 
tereupon 5 by which Spherical Triangles 
tee Aftrenomical Queſtions are reſolv'd 
5 Surveying and Navigation are by Plain 
angles. But to proceed according to my 
xopoled Method. 


CHA ÞP. I. 


0 e770 you the Number anl Names of 
ile Planets and Fixed. Stars, 


— 


l S for the Planets, all agree as to 
| the Number thatthere are 7, 
t which theſe ſeven are there is lome 
Literence ; Ariſtotle, Ptolomy, and the reſt 
il the Peripateticks do number them thus, 
atrn, Fupiter, Mars, Sol, Venus, Mercury, 
Li; making the-Earth the Center of 
te \orld : But Pythagoras, Copernicus, and 
We Ancient Pythagoreans do make the Sun 
ie Center of the World, and this Earth 
oa Planet inſtead of the Sun, and to 
vein the ſame Orb which is aſcribed to 
we Sin by Prolomy, and fo numbers the 
2ncts thus, Saturn, Jupiter, Mars, Tellus, 
Lina, Yennr, Mercury, and So! the Center, 
and 
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and ſome will not have the Moon to he 

primary Plaret, but only a ſecondary, an 
that all the reſt of the Planets as well as thi 
earth have theirMoons to move about them. 


( 


and for Jpiter there are 4 obſerved to mgz 
about him , which they call Satellites ; an 
Saturn alſo is obſerved to have his concgd 
mitants. 
Secondly, For the number of the Fixe 
Stars,they are vulgarly and commonly con 
ceived to be innumerable,yet Mathematiciais 
do ſay they may be numbred, and do take 
notice only of 1025, orat molt of 1:61, 
comprized in 48 Conſtellations, 


21 In the Northern Hemiſphere. 

15 In the Southern. 

12 In the Zodiack, or the Zodieti- 

— cal Conſtellations, being no 
Inall 48 other than the 12 Signs, 


om oc ——_ 
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YI 
S 
Q 
WP 
D 
DJ 
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5 Engonaſis, or Hercules 


The Names of the Northern Conſtellations are 


Containing Stars 
1 Urſa Minor 7 
Thar in the end of the Tail is cal- 

led the Pole Star. 

2 Urſa Major. 
3 Draco. 
4 Cephus. I1 
5s Bootes. 22 
6 Corona Borea 8 
29 
IO 
17 
I3 
25 


27 
3I 


38 Lyra. 

9 Olor, or Cignus. 
10 Ca{liopeia 

11 Perſeus 

12 Auriga 


—_—— 


iz Conſtcllations 


149 


28 <- Scars. 


| 


Containing Stars 
13 Ophiucus, or Serpenrarius. 24 
14 Serpens I 8 
Is; Sapitra, or the Arrow 5 
1s Aquila, o- Vultur volans  ©9 
17 Delphinus the Delphin 13 
18 Equiculus, or little Horſe. 4 
19 Pegalus, or the winged Horſe. 20 
20 Andromeda : 23 
21 Triangulum the Triang'e 4 
Stars 117 

215 


— ——— 


9 Conſtellations 
I2 


= —— 


21 Northern 332 


” OB FAS a 44 


3 Lepus the Hare 12| 11 Centaurus 

4 Orion 38 + 12 Lupusthe Wo!f 

s Canis Major 18 { 13 Ara the Altar 

6 Canis Minor 2 | 14 Corona Auſtrina } 
7 Argo Navis 41 | the SouthGarland. * 
3 Hydra 25 , I5 Piſcis Auſtrinu: 
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The Names of the 15 Southern Con- 
ſtellations. 


N”. N?. 
1 Cetus the Whale 22) 9 Crater the Cup 
2 Fluvius Eridanus 34 Io Corvus the Croiy 


8 Conſtellations. Stars 192 #7 Conſtellations. Stars 1 
8 [ 


w—— -—— B— 


I 5 South Conſtcllat. : 


"The Names of the 12 Zodiatical Co 


ſtellations, 
N?. | N? 
s Aries the Ra 13) 7 Libra 
2 - Taurus 23/ 8 Scorpio 
3 Gemini 18\ 19. Sagittarius 
4 Cancer 9( io Capricornus 
s Leo 27\ 11 Aquarius 
6 Virgo 26 J 12 Puſeis 


6 Conſtellations. Stars 116 6 Conſtellations. Stars ! 5 
6 1 


32 Conſtellations. 5: 
The 
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Theſe are the 483 Conſtellations taken out 
of Mr. Moxons Book De Globis, where you 
my find their ſeveral Poetical ſtories, 
which are not unpleaſant to read : And 
thus much ſhall ſerve for the Number and 
Nares both of the Planets and Fixed Stars. 


CHAZEF. IL 


bt 


luncerning their Order in the Syſteme 
of the World. 


Sto the Order of the Planets and Fix- 
ed Stars, my Reading affords me three 

kreral Syſtemes (though poſlibly there may 

tmore: ) Theſe three are, Firſt, The 

Tychonican Syſkeme , ( invented by Ticbo 
Brahe.) Secondly, The Prolomaick Syſteme 
(invented and maintaiued by Pro!omy and the 
Peripateticks.) Thirdly , The Cepernican 
Syſteme, being the Ancient Opinion of Py- 
thazoras ard his followers, but revivedby 
Copernicus, and ſince imbraced by moſt Mo- 
tern Mathematicians,though Vulgar Cape- 
FF (ities do take it for a ſtrange thing, mm 
frum Horrendum, &c, | ſhell give you-theſe 
tiree ſeveral Syſtems in order, and firſt» 
The Tychonican, 


This 


Aran 99,179 ng APY OY rs - 
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. - | The Tychonican Syſteme. 


This Syſteme was Invented by the 11lu- 
ſtrious Ticho Brabe a Nobleman of Der 
mark, Lord of Knudthorp in the Ifland 0 
Shonen, Ot far from Elſenbowrgh, who tre 
med this Hypotheſis as a mean betwixt Pic 
tomy and Copernicas. 

By this he ſuppoſeth that Xercury, Very 
and all the other Planets(except the Moor) 
In their motion, reſpeCt the Sun as their 


Center: So that Saturn in oppoſition to ho 
un 
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Sunis nearer the Earth than Yerus in Apo- 
rzon, and that Afars in oppoſition to the 
Sun, 1s nearer to the Earth than the Sun it 
lf, as may appear by Inſpection from the 
Hypotheſis it ſelf, 


The Ptolomaich Syſtene. 
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The Coperxican Syſteme. 


For theſe two Syſtemes, v12, the Ptolona- 
ic and the Copernican , I ſhall give the rea- 
ſons pro & con out of YVaremmn, and becauſe 
they cannot be better expreſſed, I ſhall give 
you them in his own words, as follows, 
Gecoraphia Generalis abbreviated on this 


Manner, par. 34 35, 36, 37s 39, and 40. 


Rationes Copernicani Syſtematis. 


1. Quoniam tantus eſt numerus ſtellarun 
que horis 24 circa lellurem circuitum V!- 


dentur perficere, & hexc apparentia Pe! 
B1us 


Fe 
= 


s 
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mnius Telluris (manentis in ſuo loco) mo- 
tum explicari poteſt, ideo magis ration 
conſentanenm eſt hunc ſtatuere quam 11jum z 
icut nobis in Navi ſedentibus , & appro- 
pinquantibus ad ſtationem m::itarum Navi- 
um quz apparent nobis appropinquare, non 
\deo hiſce motum aſcribimus; & omnino 
cum natura non folear facere per plura quod 
per pauca potelſt , verilimile elt, in hac 
quoq; re illud obſervatum efle. 

2, Quia incredibilis & omnem copgita- 
tionem ſuperans celeritas motus ſtellarim 
Illivs foret : etenim cum infinito fere ſpa- 
tioa Tellure ablint, & vaſtiſſimus orbis 
Illis percurrendus fit, uno hore minuto ad 
minimum per Centena millia milliartum 
frri deberent. Contra, Si Telluri morus 
aſcribatur hic primus, manet hc in tuo lo- 
co, neq; de minima celeritate timendum 
eſt, quia Tellus circa ſuum axem rotatur, 

3. Accedit argumento huic majus Kobur 
h comparemus vaſtitatem corporum cole- 
ſtium cum terreſtri. Etenim cum Sot ad 
minimum ducenties major fit Tellure, ſtel- 
[z vero fixe vel millies majorcs, cul non ve- 
nimilius fiat Tellurem rotari circa ſaum 
Axem motu naturali, quam tanta corpora 
ncredibilt pernicitate de loco 1a locum 
moveri? 

4. Quoniam omnes Aſtronomi illuſtrio- 
*s cum Tychone ccafti apparentiis jam 

P2 negant” 
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negant Orbes ſolidos; quibus antiqui ad 
faciliorem ſte]larum motus Hypotheſin ute- 
bantur. Ideo multo incredibilior videtur 
illarum circumlatio circa Tellurem. Ne: 
gant autem Orbes ſolidos, quia fi hieflent, 
concedenda efſet penetratio orbium mutua, 
cum quidam planetz in alterius alicujus 
Sphzra deprehendantur frequenter. 

5. Nulla Ratio reddi poteſt cur Stellz 
circa Tellurem moveantur, cum contracur 
Terra & reliqui planetz circa folem cum re- 
liquis planetis moveantur;aliqua poſlit dari. 
Ratio. 

6. Qua nec Polus, nec Axis eſt rea- 
lis circa quem Stellz ferri ponuntur ; contra 
in Tellure & polus & Axis eſt. 

7. Quia multo facilior eſt Navigatio ab 
occidente in orientem, quam 2b oriente in 
occidentem. Etenim ex Europa 1n Indian 
navigatur menſibus circiter quatuor, ex /:- 
dia ih Europam reditur ſex menſtum ſpatio 
circiter. Nimirum quia in 1lla Navigatio- 
ne in eandem plagam cum Tellure moven- 
tur, in hac vero in contrariam. 

8. Quia omnes apparentiz czleſtes, or- 
tus, occaſus ſyderum , dierum incremen- 
tum, Cc. pollunt explicari, fi Tellurem 
moveri ponamus. 

Imprimis autem hujus Hypotheſis commo- 
ditas & neceſlitas conſpicitur in admirand1 


illis Planetarum aftetionibus ad quas exp! 
Candas 
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candas Prolemaici multos circulos Epicyclos 
& eccentricos line ulla ratione excogitare 
coguntur : Copernicanautem 1llas ex Tellu- 
ris motu ſecundo circa ſolem facili nego- 
tio deducunt ita, ut manifeſtam 1illarum 
cauſam reddant, & adeo facilem ut vel in- 
loCtiillam capere poſlint, Nimirum. 

1. Cur Planete interdum retropgradl 
rideantur , & quidem Sattram frpius & 
dintius quam Zupirer, Trpiter quam Aſzrs,oh c 
nterdum celeriori - motu terri, interdum 
tationar it eſſe. | 

2. Cur Venus & Mercurius manquem pol- 
fat tota xoCte conſpicul eſle. 

3. Cur Yenns nunquamWajori a ſole in- 
tervallo, quam ſexaginta graduum, Mercu- 
14non majorl, quam triginta graduum 1n- 
tervallo diſcedat, & ideo nunquam oppoſi- 
tt conſpiciantur ſoli. 

4. Cur Yenusejuſdem diet & veſpere poſt 
ſolem & mane ante ſolem pollit conſpici. 

Plures apparentias afferre ſuperſedeo : 
kd illz precipue ſunt que per hunc motum 
Telluris adeo appoſite & jucunde explicen- 
tur, ut admirandum potius eſlet fi Tellus. 
10n moyeretur talibus apparentibus Phz- 
nomenis. 

9. Sol non tantum fons Incis eſt, quz 
lnquam clariſſima fax illuminat Tellurem, 

mam , Venerem & reliquos fine dubio- 
Planetas, ſed etiam focus caloris & vitalis 
"2 ſpiritus- 
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ſpiritus quo totum hoc univerſum foveri & 
ſuſtentari videtur. Ideo medium locum 
omnium obtinere, & hos circa eum moveri 
probablile. 

10. Sole collocato in medio redditur 


aliqua cauſa quare reliqui planetz & Tellus 


circa eum ferantur, nimirum quia fol vaſtiſ- 
ſimum corpus eſt, & magnis viribus pre- 
ditnm, 1deo reliquos planetas ad motum 
EXCitat. 

11. Solem circa Axem ſunm rotari pro- 
bant obſcrvationes Galilei & Sche.neri de 
maculis ſolaribus. Hac Ilgitur ratione re- 
liquis plancetis circumeundt cauſa exiſtit, 
nec videtur el alifs motus attribuendus. 


12. $1 Telluri locum inter Martem & | 
 venerem,ſolt vero centrum attribuamus, ap: | 


te reſpondet motus ſingulorum planetarum 
uiſtantiz a Centro , quod in Ptolemaica 
Hypotheſi non fiert patet ex motuum {olis, 
Veneris & Mercurit conlideratione. 

Verum enim vero Ariſtetel:ics cum Prole- 
2raicis ſententiam Pythagoricorum pluri\us 
impugnat Argumentis & ſnam Hypothelin 
probare conantur hiſce rationtbus. 


Rationes Ptolemaic1 Syſtematis ſequuntur. 


t. Terram efle ineptam ac motum prop: 
ter gravitatem ; & Gravia feruntur ad Cen- 


trum mundl, Tellus autem grayiflimun 
COT PU 


( 
[l 


- ( 


ri 
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corpus eſt , itaqz centrum 1i1lud occupat. 
| 2. Gravia a Tellure difcederent verſus 
centrum univerſi, niſt in Jellure hoc cen- 
trum efler. þ 

3, Partes Telluris moverl naturaliter 
motu re&to ad centrum, ergo clrcularem 
motum eſle contra naturam ejus. 

4. Si Tellus moveretur, lapidem e turri 
demifſum noa poſle cadere ad pedem turris, 
vel globum e tormento exploſum verſus 
orientem ad metam aliquam (vel ctiam {1 
avis quzdam ad orientem volaret) non 
polle hanc attingere, fi meta cum tota tellu- 
re verſus orientem moverectur, vel ſaltem 
ccleriorem fore attaftum, ſt ad occidentem 
emiſſus eflet globus. 

5. Neq; turres neq; zdificia conſiſtere 
polſe,ſed propter illam Telluris motum col- 
lapfara eſſe, neq; homines a vertigine immu- 
nes fore. 

6. Quia videmus (inquiunt) ſtellas mu- 
tare locum, non autem Tellurem. 

7. Quia Tellus eſt in centro mundi : 
centrum autem non movetur. 

8. Quiafacre literez ſtabilitatem Tellu- 
ris confirmant. 


Ad hec Argumenta Copernicantreſpondere 
folent hunc in wodum. 


1, Adprimum. negando totam Tellurem 
| P. 4. gravem 


3 
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gravem eſſe; namq; gravitas eſt partium ad 
tornm Homogeneum tendentia: Et talis 
gravitas qu2g; In, Junz partivus 6 olis, 

2, Et aliorum gravium motus non ad 
Centrum univerli ſed ad Corpus Homoge- 
neum cſi nt ex partibus Lunz, Solis,mapre. 
tis rrobarur. 

3. Motum illum re&tumeſl> partium Tel 
luris, non totius Telluris,atq; hujus cir. 
Ireni motum non impedire illarum eres 
azam Lationem,quod declaratur a partib! 
Lunz & Solis. 

4. Ad hoc Argumentum reſpondetur tri- 
plict modo 1: Primo enim gravia talia non 
ad Centrum primario feruntur,ſed ad ipſam 
tellurem, & ideo breviſſima linea ad ſuper- 
ficiem ejus;breviſſimaautem eſt hacquz tur- 


*rt reſpondet * Sicut ferrum non ad cen- 


trum magnetis, ſed ad magnetem tendit. 
2. Totus acr adhzret telJuri & cum hac mo- 
vetur, ideo etiam talia gravia demilla (imul 
huoc circularem motum acquiruint & moven: 
Lur tanquam in vale. 3. Gaſleadus crebr 
experientia demonſtravit, quod {i ex moto 
corpore aliquid projiciatur, hoc Projectuin 
etiam illo motu corporis mov erl, exempll 
gratia lapidem dejetum e faltigio mall na- 
viscelerrime motz, tamen non reli«qul 4 
rave, {ed ad pedem malt decidere : Et c 
pede mali exploſum perpendiculariter « 
{clopeto globum, rurſus perpendiculariter 
deciderc 


[ 7 
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decidere. Itaque allata objeCtio nihil valet: 
Or if a Man junp in a Ship, he will nor be 


able to paſs further, whether he jumps with, or 


againſt the metion of the Ship. 
5- Adquintum Argumentum dicimus ta-' 


quid locum non habere: quia motus eſt 
zquabilis, nec in allud corpus tmpinget, & 
zdificia tanquam corpora gravia & Telluri / 


homogenea moventur tanquam In navl. 


Fienim In navi celerrime etiam vel tardiſſi- 
me mota, ſi modo xquabilis fit navigatio - 


hoc eſt ſine fluftibus, & aqua plana, depre- 


kendimus erecta corpora non everth, 1Mmo. » 


pocula vino plena nthil effundere. 

5. Ad fextum, dicimus mutationem lo- 
altellarum non ſentirt, fed lirus reſpeCctu 
noſtri mutationem deprehendimus - poteſt 
aitem hec fitus mitatio animadvertl .& 
elle, live cos cum Tellure tive nobis 1mmo- 


ts ſtella movear:tur, vel etiam Q'nos &. 


tell. 


7. In ſeptima objeCtione Er: major & mi- - 


nor falſa eſt, vel faltem dubla., — 


Ss. Ad Octavum reipondetur.' 1. Sacram * 
Cripturam in rebus Phylicis Loqui ſecun- - 


cum apparentiam & vulgi captum, exempl: 


eratia quando Luna cum Sole dicitur-mag= - 


num luminare quod ad noctem laminan- - 
Wm creatum {it, cum tamen nec Luna mag- 
'Ia lit reſpeCtu ſtellarum & -Telluris, nec 


Proprium lumen habeat, neq; omuibus no- 
Þ I » Ctibu< 


-' 
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Aibus iFuminat terram. Ita ſfolem ab cy- 
tremitate ire, & ad extremitatem redire 
dicit {criptura, cum tamen revera tals ex- 
tremitas nulla fit. Ita in Feb: libro attrj- 
buttur Telluri figura plana & quadrata, cui 
coJumnz lint ſuppolitz , quibus innitatur, 


quod quidem haudquaquam 1ta intelligen- 


dum cile, vel vulgiis novit. Plura loca ad- 
duct poſlint : ſed ſuffici 'nt hec; namq) facrex 
literz nobls non ad philoſop handum led 2d 
pictatem colendam conceſlz tunt. SCCUNCO 
Loca quedam ſcripture adduci folent, quz 
non de immobilitate ejus, ſed de conſt: tia 
& Quratione loquuntur, ut locus 1ile quem 
e 7obo attulimus. 

Thus you have the Reaſons both pro & 
con hard down by Fares, both for the 
Ptolemaick and Copernican Syſtemes in relt- 
ren:e to the order wherein thele Plancts 
and Fix2d Stars are placed: 1 ſhall leave 
It toevery cone to be of what Opinton he 
ies the moſt reaſon for : But however can- 
not paſs by what 1 ficd in that great Va- 
thematician Biſhop Wilkias after that he 
hath argued fertouſly for the Coperniean ; 
he adds jocantly, That They that would 
nave the Earth ſtand ſtill, and the Sun to 
move, are like the Cook who would not 
rolt his Meat by turning 7 the meat about t9 
the Fire , but rather Dy turning the Fire 


round about the Meat. (World in the He 


v 
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If the Reader deſire to know more con-- 
crning theſe matters, let him' read the: 
forefaid Author, and Vincent Wing his Har- 
mnicon celeſte, and ſuch as have treated” 
largely of theſe matters. Theſe may ſuf- 
ice for my preſent purpoſe, and ſo ſhall' 
paſs-on to the Third particular propoun-- 
ded to be conſidered, which is the Motion: 


or Periodical Revolution of thele Heavenly, 
Bodles. 


Gan_— CIS oo 


CHAT: Iv, 


Concernire the Mottons and Periodical” 
{evolutions of the Planets and Fixed. 
Stars. 


Gooding to the two different” Hypo-- 
thelis of Pro/omy and Copernicus, there 
areyou may ſee two ditterent Centers-to 
their ſeveral Syſtemes, viz. the Earth and! 
the Sun, the one ſtanding ſtil], .the other is 
l2ppoled to move in its proper £Zrb betwixt 
Fenus and Mars ; If then according to 
' Ptolomy the Earth be the Center, then muſt 
 theSur, move, and alſo the Fixed Stars, or- 
LeStarry Firrmament. 
1, The Sun muſt move about the Earth» 
1a 24 hours, making Day and Night, which: 
according, : 
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according to its proper Orbes Diſtance 
from the Earth of 1142 Semidiameters muſt 
be above 7570 Engliſh Milesin a Vinute of 
time, and finiſheth his periodical Revoly. 
tion thorough each ſide in the Zodiack, 
call'd his ſecond motion in a.year, or 365 
days 6 hours, fere, Wins 365 days 5 hours 
48 Minutes, 55 Seconds, by this making 
Winter 2nd Summer, Spring and Autumn. 
2. TheEarth ſuppoſed the Center, the 
Starry Firmament muſt alſo move round 
2bout the Earth in 24 hours, and the mc- 
tion of the Starry Firmament being pro- 
portiorable to 1ts diſtance from the Earth, 
a Star in the Equator muſt move 12598666 
Engliſh Miles in an hour, or 209974 in a 
Minute, fo that ifan Horſeman ſhould rid 
every day 40 Miles, ke could not ride ſich 
a Compals in a 1000 yeirs as the Starry 
Firmament moves in an hour, which 15 
more than if one ſhould move about the 
Farth 1000 times in an hour, and quicker 
than poſſible can be imagin'd ; and 
if a Star ſhould fly in the Air about the 
Earth with fuch a prodigious quickneſs, it 
would burn and conſume all the World terc 
below: This made Copernicas T.0t unadvir- 
iedly toattribute this motion to the Eartn, 
a!.@ that the Orb of the Fixed Stars ſtancs 
ſtill, as well as the Stars in the ſ-id Or® 


are fixed in their places and due diſtances 
from 
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from. one another. Suppoſing then with 
apernicus the Sun to be the Center of the 
laiverſe ; (but allowing it withal a cir- 
umrotation upon its own Axts) I ſay, ſup- 
wing the Sun the Center, there muſt be. 
:cribed to the Earth at leaſt a two-fold 
notion: The firſt 1s its Diurnal motion , 
nſwerable to the Prolomaick Diurnal moti- 
on.of the Sun and Stars: This performed 
pon its own Axls In 24 hours, and con-- 
titutes day and night. The ſecond moti- 
on of the Earth is his motion a loco in lo- 
wn in its proper Orb betwixt Yerus and 
Mars, as you may lee in the SyReme, and 
this is performed 1n a year, or 365 days, 
6hours, fere ; or 365 4. 5h. 48%, 55". 1n- 
tead of the periodical revolution of the 
Mn according to Prolomy, and this conſti- 
utes the 4 ſeaſons of the year , Spring, 
ummer, Autumne, and Winter ; as is ex- 
*lently demonſtrated in Biſhop Wilkins's 
World inthe Moon. 

Now as to the former of theſe motions, 
or ſecundum primum T elluris motum upon its 
Wn Axis; you mult know that every place 
pon the Terreſtrial Globe (as you may 
ainly ſee by turning about an Artificial 
ne) doth not move alike, but places under 
lhe EquinoCtial do move the faſteſt or 
(uickeſt, and ncarer cither of the Poles 
lex move flower, ii ſuch proportion as 

tne 
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the Degrees in each parallel of Latitude 
are greater or leſs : Therefore to know 
how many Miles in an hour any particular 
place is carried by this motion, take this 
proportion or Avalegy. As the Radius is 
to the Co-line of the Latitude ; fo is 15 4 
ar gao Engl:ſþ Miles to the Number of 
Degrees or Miles required. 

As for Example, Amſterdam 1s in the La-B 
titnde of 52 4. 23 mr. its complement, or 
co-line 1s 37 d., 37 m. {© that as $go, or Ra- 
dius is to 37 d. 37m. fo is goo to 545 
Engli{h miles ; or fo is 225 German Miles, 
(4 Engliſh miles making one German) to 137 
German Miles 3 or lo is 15 degrees to about 
9 degrees, which Amſterdam moves in an 
hour, or 9 of theſe German miles in 4 mi- 
nutes of time: Now how theſe Numbers 
15, 225, and $goo come to be the third 
number in this proportion ; note that 
15.4. Is an hour in the Aquator , theſe 
multiplyed by 15, produceth 225 Germs! 
Miles, and multiplyed by 60, produccth 
900 Engliſh Miles, the Xquator paſling 
many Miles or Degrees in an honr, and 
to run the whole circumference in 24 ho#r, 
2.1600, 

Thus much ſhall ſuffice to have ſpoken 
of the motion of the Earth, or the Sun, 2:d 
of the Fixed Stars for the reſt. 


Lid 
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Luna is the loweſt of all the Planets ac-- 
ording to Ptolemy, or only a ſecondary. 
net according to ſome Copernicans, fint- 
des her courſe in 27 dayes, and almoſt 8 
jours. 

Mercwy finiſhes his Revolution about: 
he Sun in 87 dayes, 23 hours, 15 Minutes, 
3 ſeconds according to Kepler, and 1s ne- 
xr diſtant from the Sun above 3odegrees. 

Venus pertormes 1ts Courſe in 224 dayes, 
16 hours,4.9 minutes,24 ſeconds, and is ne- 
rerdiſtant from the Sun abeve 60 degrees. 

Mars finiſhes his courſe in 2 years, or 
nore ſtrictly in 686 days, 23 hours, 27 
Minutes, and 3o ſeconds 3 or according 
DWing 1n i year, 321 dayes, 23 hours, 32 
ninutes. 

7upiter moveth through the Zodiack in 
the ſpace of 11 years, 10 moneths, and al- 
moſt 16 dayes, or according to Kepler in 
432 dayes, 12 hours, 25 Minutes, 25 ſe- 
conds , according to Wing 11 years, 317 
Gyes, 14 hours, 49 minutes: His Satelli- 
tes or Attendants circumvolyeth him in 
ume correſponding to their diſtances from 
din, the firſt and next him in 1 day, 18 
tours; the third ſecond in 3 dayes, 13 
tours; the in 7 dayes, 4 hours, the fourth 
ad outermoſt in 16 dayes, 5 hours. 

»aturn, the higheſt of all the Planets fini- 
th his periodical courſe in 29 years, 5 

moneths, 
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moneths, 15 dayes, according to Alfras, 
4s, but more exaCtly according to Kepler 
in 10759 dayes, 6 hours, 36 minutes, anc 
26 ſeconds, or according to Wing, pay. 6; 
Harm. in 29 years, 174 dayes, 4 hours, 
58 minutes. Saturnes Moon , or Con- 
comitant is obſerved to move about him in 
16 dayes, and note that the circumrotation 
of the Sun upon his own Axis isin 26 dayes, 
and the Earth in 24 hours, (together with 
the reſt of the Planets that move about the 
Sun) Theſe all move from Weſt to &/t.alio 
Saturn and Jupiters concomitants about them 
do keep the ſame courſe from \Veſt to Ealt. 

And beſides thele, it is not improhavle 
but that every primary planet hath his pro- 
per Revolution upon his own Axis (as the 
Sun and Earth have theirs :) and tnat they 
have their Moons or Concomitants movinsz 


about them as our Earth hath : Nay, my} 
Author adds that 1t.1s not unlikely but tht 


the Sun being of the ſame matter with th: 
Fixed Stars, they alſo may all have the: 
Planets or Worlds moved about him, 5 
eur Sun hath his. And Des Carres i121 
ſhown us ({aith DoCtor Power,) That cver! 
Fixed Star is'a Sun, and is ſet in the Center 
of a Yortex or Planetary Syſteme as 0115 
is; and that they are as far remote orc 0: 
another, as ours is off them ; and that a4 
our whole Planetary Yortex ſhriftks on 

CNINE 


(6 
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thing, if compared with theſe innumera- 
ble Syſtems above us. | 

No queſtion but all theſe Planets are 1l- 
bminated by the Sun (as is obſerved by the 
Teleſcope : ) And that the Earth ſhines at 
: Diſtance with like ſplendor as her fellow 
Planets, as will eaſily appear by her illumi- 
ting the Darker part of the Moons ſub- 
jolvane or lower Hemiſphere, as 1s com- 
nonly ſeen a little before or after the 
change, for then to the Moon the appear- 
ace of the Earths light is near the full : But 
to make no further Digreſſion. 1 come in 
the next place to ſhew the ſeveral magni- 
tudes of theſe Caleſtial Bodies. 


cc ere 


—— 


CHAP. V. 


loncerning the Magritude of the Planets 
and Fixed Stars, and their Diſtances 
from the Farth, 


Þ is not my Intention to ſhew you the 
t Theory. or way of Calculation, or find- 
02 theſe Magnitudes, and Diſtances, or the 
eral motions of the Planets : Theſe re- 
Wrealarge Treatiſe of it ſelf, and 1s Jear- 
tdly and largely done by Mr. Vincent Wing 
a that excellent Book of his Harmonicon 
Czlefte, 
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CeleFe, to which I refer the Reader: An 
as I have done their Motions, ſo ſhall onl 
per Tranſanum lay down their Magnitude 
and Diſtances as | find them in Authors, s 
and fo proceed to queſtions of the Sphez 
which 'is principally here intended. Fo 
their Magnirndes, take theſe Obſervation: 
1. Theſe Planets have their ſeveral Or 
wherein they move, the Semidiameter 0 
which Orbs compared to the Sernt(amete 
of the Earth have this proportion 


Deg. Min 
Of what Parts the Lana 43 56 
Semidiameter of \ Mercury 1.40.3 
the Earth is one, ) VWs : 631 45 
of the ſame the Sol Is 15 $93 
Semidiamerer of p "Jars $932 &< 
the Orb of ( Jupiter 11611 2! 
Saturn 17225 19 
Saturn - V9 9 19 
» = 6 &' 
| Jupiter /== 2 } 32 © 
| Mars 4 Yi - tO 
2, The Diametcr of Sol VEE It 
Venus SSwh 370! 
Mercury Sv L i. to 
Luna. Oe. 01 


The Diameter of the Sun compared with ty 
the Diameter of the Moon beareth i" 


ſame proportion that is betwixt 187 41% 
10, 


The 
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119to 4 
Magnitude js to \259 £050 
the Earths Dia. 250 6 


meter, as L409 
19t035 


21to 8 


e Diameter of 
1Star of the 


Quin Þ ww D = 


3. The Magnitude or Proportion of the 
body or Globe of theſe Planets to the Globe 
ir Body of the Earth according to the beſt 
ſervations of Mr. Vincent Wing in his 
Harmonicon as » lib. 3. chap. 25, 26, fol. 
$5, 96, are as follows. 


223 


aturn ) ; 3575s Ul 
= " lis greater than BETS, ra 


ol 343 times. 
nd greater thanthe Moon 15765 ; ©} times. 


lars CE555 times. 
ſenus is leſſer than( 26.+!-;; times. 
lercury ( the Earth ( 117, 7; times. 
una 45 ;; times. 


Thereare divers other Authors which do 


wch differ from him in theſe Magnitudes, 
ut 1 take him to be neareſt the Truth. 


Ths 


a 
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; i 1 
The Magnitudes of the Fixed Stars, © ot 
their Proportions compared with thi. 
Globe of the Earth, which take as follo:; ban 
out of 1oxon de Globis. i 
om 
A Star of the bar 
AT. tr 
wt i 114 
Magnitude1s to _— 
the Globe of F 
the Earth. 
Pr}  *%n PV 
> > Þ> > >» > 
M' Ma Q OMA MM OM 
\O. mo A = wm O\ 
OO. com Ap ww 
mw O » OS 
oo ys =_ 
e999 
Mah woo 
$2 
© © 
O 
\®, 
_ a. 
Therefore big- 
ger than the | 
Earth. | 
En Yn? 
ws V3 A JJ © © on! 
AS »OMN 3 
ha at 


This 
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This may ſeem incredible to viſual ſenſe, 
ut if the vaſt Diſtance of thoſe Huge Bo- 
tes, and the Diminutive quality of Di- 
hnce be conſidered, reaſon will be reCti- 
2d : For according to Mr. John Dee's 
omputation, the Starry Firmament 1s di- 
Ent from the Earth 20081 ' Semidlame- 
ers, which according to 60 Miles in a de- 
ree 15 690065 40 Miles: As 1s noted 1n its 
yroper place. 

And well may the Fixed Stars ſeem little 
) us; for Doctor Power faies, That if one 
20d in the Firmament to behold this Earth 
fours, 1t could never be ſeen at all, and 
therefore if it were annihilated, would ne- 
fer be miſled : So much doth Diſtance di- 
liniſh the Ovject. 


Now for their Diſtances from this Globe 
of the Earth, I fhall give you them 
from Yarenius in his own words, Geop. 
gen. lib. 1. c. 6. 


St queras quantum Tellus &- nos in Tellure 
iſtentes, diſkemus a Planetis, ſciendum eſt, 
on efſe unam & eandem perpetuo diſtantiam 
a ſingults diebus mutari, & propterea Aſtro- 
tres difſtantiarum gradus recenſent mini- 
» mediam, maximam. Media Diſtantia 
tluris a reliquis Planetis juxta plurimos Aſtro- 
mor eſt hec, 

A 


SL ood a oa idea i ket. Ge titled Rd a ents aides. oa os 
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4 Luna d4i/tat Semidiametris ſuis 60 

A Mercurio 110 

A Venere | 700 

A Sole | 150 

A Marte $000 Critter, 
A Jove 11000 Circiter, 
A Sarurno 18000 


Verum enim vero omnino incerta eſt Martigh8i! 
Jovis, & Saturni C& Stellarum fixarum aiftan id 
tia, ob defettum parallaxis. In Copernican 
Hypoatheſt diſtantia variatur non tantum a Pla 
netar wm moth ſed etiam a motuy ipfins Tellurs, 


| 


Toba Seller's Atlas Caoleſtis. 


1, The Sun performs his Revolution up 
on his own Axis in 26 dayes. 

2, Aicury performs his courſe in hi: 
Ellipſis in 88 dayes - His proper diurn: 
motion is 44.F'. 12". the Circuit of hi 
Sphere is 1205977 3 miles, ſo that he whec! 
in a day 137040 miles in an hour, 57! 
Miles, and in a Mini.te 91 miles. 

3. Venus makes her periodical Revolu 
tion in her Ellipſis about the Body of tn 
Sun in 224. dayes. It is from the Sun tc 
the Sphere of Ferns 3636104 miles, hence 
the Circuit of her Sphere is 225559! 
miles. Her mean Diurnal Motion is | «WF 
36'. 8'. ſo that ſhe moves in aday 191712 
miles, in an honr 4238, inamigutc 7 

4. IN 
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4 The Earth accompliſhes her Reyolu- 
on in 365 dayes, 5 hours, and 59 mi- 
yz which according to Copernicus Sy- 
eme Is placed betwixt the Orbs of Mars 
dd Venus. It 1s from the Sun to the Body 
{the Earth 502 1896 Miles. The circuit 
{her Sphere is 315602c9 miles,her Diur- 
a] motion 39 minutes, 8 ſeconds. A De- 
rec of a great Circle upon the Earths Su- 
icies is commonly reputed 60 miles, but 
Mr. Norwoods experiment 1s found to be 
9 miles. 

5. Mars performs his Revolution about 
te Sun in one year, 321 dayes, 22 hours, 
ud 20 minutes. It is from the San to the 
body of Mars 76;5292 miles. The Cir- 
ut of its Sphere is 47993264 miles, his 
Viurnal motion 31 minutes, 27 ſeconds, ſo 
tat he wheels in a day 69942 miles, in an 
vur 2910 miles, in a minute 45% mUes, 

6. Typiter runs his courſe in 11 Egyptian 
ars, 315 days, 14 hours, and 30 minutes; 
L is from the Swy to 7upiter 26179152 
les. The Circuit of his Sphere is 
64554670 miles, and his Diurnal motion 
out the Sw is 4 minutes, 59 ſeconds. 
ence he wheelethevery day 17996 miles, 
my hour 158g miles, and every minute 
6 miles. 

7. Saturn performeth one Revolution a- 
wut the Sun in 29 Egyptian years, 163 
dayes, 
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dayes, 1 hour, 58 minutes. It is from th 


Sun to Saturn 47833576 miles, the Circui 
of his Sphere is 300668192 miles, his pro 


per dayly motion is 2 minutes, o ſeconds 
Therefore he wheeleth in a day 1595 


miles, in an hour 1498, in a minute : 
miles. About his Body is a bright f: 
Ring which encompaſſeth him abour. 


The Moon is a ſecondary Planet, and re; 


tains the Earth for her Center, abo: 

which ſhe performs her Revolution in 2 
dayes, 7 hours, 43 minutes. It is from th 
Center of the Earth to the Moon 2032: 
Miles. The Circumference of her Spher 
iS 1277483 miles, Her Diurnal Motion | 
13 degrees, 10 minutes, 35 ſeconds, | 
ſhe wheeleth about in a day 46757 mile: 

In an hour 1948 miles, and in a minut 

30; miles. 

The Fixed Stars have a Motion or Cit 
cumrotation upon their own Axis, and be 
ſides a Motion of Revolution from Welt t 
Eaſt, which ina year is not leſs than 4 
ſeconds, nor greater than 5 1 ſeconds, ti 
it ſeems moſt probable that their Annu: 
Motion is 5o ſeconds, 40 thirds, whence | 
follows that they compleat not one [Degre! 
in the Ecliptick ſooner than in 71 yca!s 
and .- or 19 dayes, and 12 hours in 5 Mail 
ner, ' bat the whole Circle of 350 dere 
they fun not through in leſs than Sl 


Sratit 


| Oo) 
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Sidereal years, which is Anns Magnus Pla- 


tAICHS, (though by the Antients computed 
to extend to 360<0o years. ) 


But. according to the Opinion and O9- 
ervation of the Learned Tichs Brabe, 35 
rou may find In Mathematreal REETF ANIONS , 
fl. 220, Their Diſtances are thus. 


« L | - Rt _ 4 A "> 
F Mon F £5 Semid'amerers 
\ \ £ Sy 
| © u.'\ Yor .192415-:mNles-.: 
from ihef- = . L 
\ 


[1.12 SENMUUIAmM, 


: W} 4 \ 2.4G 1 2-INHYTSs 
91-05 Serndiam; 
Kor. 43 
. i -f tQ PF. 


L Suppole thet a man ſ{honld go 20 
Miles 1n Atcendin Var 
every day, he howta Le above. 15 years Des 
fore he could attain to the Orb of the 
Yoon, 

2. If a Milſtove ſhould deſcend from the 
place of he Sun 1lon0 Niles every houry 
(which iz above 15 Miles in a Minute, far 
beyond the proportion of Motion) It would 

| be above i63 dayes before it would {all 
| Cown tothe Ealtlh, 


RI 


Q 3;:: The 


«© A ed ate. ee. de EE en, COIL ET 4c nts 
# 
* 
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3, The Sun makes a greater way in one 


_ day than the Moon does in 20 days, becauſe 


that the Orb of the Suns Circumference is 
at the leaſt 2o times greater than the Orh 
of the Moon. 

And thus much ſhall ſuffice to have ſpo- 
ken concerning the Number, the Names, 
the Order, the Motions, Magnitudes and 
Diſtances of theſe Heavenly Bodies, the 
Planets, and Fixed Stars. 


GHAT. Yh 
Of the Spheare. 


Come now to ſpeak of the Spheare, ad | 

of Queſtions of the Spheare , which | 
make the ſum and ſubſtance of Aſtronomy, 
as It ſtands in Analogy with Geomerry 11 
this place: For as Surveying is taking 
Heights and Diſta-ces at Land, Navigati- 
o# at. Sea, and are performed by the Relo- 
lation of Plain Treangles : So this part of 
Aſtronomy is taking Heights and Diſtances 1n 
the Heavens (as is before hinted) and 1s 
performed by the Reſolution of Spherics/ 
Triangies, or by Projettion of the Sphear i 
ſelf, which is the ground of theſe Spherics 
Triansies. And that I may proceed the more 
metho- 
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methodically, and be more clearly under- 

ſtood. 

1. I ſhall firſt ſhew you what theſe Que- 

ſtions of the Spheare are, and how they may 

be termed takings Heights and Diſtances. 
2. I ſhall ſhew you how theſe Queſtions 

may be reſolved. 


[. By Trigonometrical Calculation, or 
the Reſolution of Spherical Triangles. 

[l. By Projection of the Sphear : 1. More 
Natural, By the Globe it ſelf. Or, 2. More 
- Artificial, By Projeftion of the Spheare in 
plano, and ſo ſhew you thele Queſtions may 
not only be reſolved by the Globe, but alſo 
by Planiſpheres, Quaarants, &C. 

[Il. And laſtly, I ſhall in(iſt more largely 
concerning that principal and moſt uſeful 
queſtion of the Sphear, to wit, Dialling , 
or of finding the Hour of the Day by the 
Sun, and the Hour of the Night by the 
Moon and Stars, and ſhall herewith con- 
clude the whole work. 


SECT: 24, 


Firſt then, The Aſtronomical Queſtions of the 
Sphear are theſe, 


1. For Heights, To find 
1. The Height or Elevation of the Pole, 
or Latitude of the place. Q 2 2. The 


- og eas AE ner re egy 
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2. The Altitude or Height of the Sr 
or Stars above the Horizon at any time 
which are called (particularly their Almi 
cantaras, and their Mericlan Altitude.) 


2. For Diſtances. 


3. Ihe right Aſcenſion of the Sun or 
Stars may be allo called an Height, becautt 
it is the Meridian Altitude, or Height of 
the EquinoCtial above the Horizon : But 
may be alſo called a Diſtance, becauſe the 
Diſtance or Number of Degrees cor 
tained betwixt the firſt Degree of Aries 
and the Degree of the EquinoCtial ths 
comes to the Meridian with the Sun or 
Stars 1s the Right Aſcenlion of the Sun or 
Stars in Degrees and Minutes. 

4. The Oblique Aſcenſion of the Sun or 
Stars, thoigh it ſourds like an Height, 1: 
more properly a Diſtance, becauſe it is the 
Diſtance in Degrees of the EquinoCtial be- 
twixt the firſt point of Aries, and that ve- 
ry point of the EquinoCtial that riſes or 
cvts the Horizon with the Sun or Stars. 


5. The Aſcerſional Difference is in plain 


Engliſh no more but the Diſtance betwix: 


- The * Oblique and Right Aſcenlion. 


6. The Suns Meridian Diſtance Nort" 
or South from the EquinoCtial, or of a ſtar 
irom the Ecliptickis called their Declins- 
Lion. 7. Ihe 


" 
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, The Suns diſtance from a any of the 12 
Ho 15 called his place in the Zodiack. 

8. His Diſtance of riling or ſetting from 
the due Point of Eaſt or \Weſt, 1: called his 
amplitude. 

4, Fhe Suns Diſtance at any time fre 
:1y polnt of the Horizon: 13 Caitled hls 4zs- 
with, Or Al391C ot the Sus Pofition. 

lo. The Suns UAUtftance from the next 
EquinoCUl point Arcs of Livray requires 
to Explanation. 

Laſtly, His Diſtance from the Mer1- 
Lan ſhews the hour of the day, and the 

\oon and ſtars diſtance from the NMert- 
tian ſhews the tour of the ri2hkt. And 
al theſe in theſe reſpeAts may be pro- 
rerly called Heights and Diſtances in ffro- 
My, 

SE ET; 2. 
iverefore in the ſecond p/ace I | bs [ew ors 
how to find theſe Heivhrs and Diſt ances. 


I. By Trizonometrical Calcilation, ot 
the Relolution, of Sphzrical Trianz1es, 
2. By Projection of the Spicar, etther 


vlobular, Or 1i1 plane, 1n whole, as in the 
{ * 
1 


x 
| dia 


obe ;t felt ail 1 i Planilphears ; Or 111 part, 
ey Ii Semicircles , Q-adrants, and the 


YO 
we % 


2-3 For 


yy oo Aa AAAS, — 2s” 


AO oo 19” OR AO 
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For tie firſt of theſe,. to ſhew you how 
theſe Queſtions may be reſolved by the Re- 
ſolution of Spherical Triangles, I ſhall 
endeavour to do theſe two things. 


1. I ſhall ſpeak ſomething concerning / 


Spherical Triangies, and the way how to 
make and meaſure them. 

2, | ſhall give yon the Trigonometrical 
propurtions how to find theſe ſeveral Aſtro- 
nomical Heights and Diſtances before-men- 
toned by Sincs and Tangents. 


© -& 438. 7 


Of Spherical Triangles. 


As Plain Triangles, fo ſpherical conſiſt * 


of ſix parts, viz. three Angles, and three 


ſides; the Angles of both are meaſired an | 
protracted by a line of Chords. The dit- | 


ference betwixt them lies only in this, 


that the ſides of Plain Triangles arc Riplt 


lines drawn by the fiducial edge of a Ruler, 


and mcaſured by a Line of cqual parts: | 
whereas the ſides of ſpherical Trizngles are 

Arches of great Circles (that ts Arches ot | 
any Circle to the ſame Radius) protracte.! | 
vpon the Center of the ſame Arches or Cir- | 


cles, and mealured by a Line of Chords 2!- 
ter the ſame manner,that all Circles and Ar- 
Ehes are mcalured by Degrees and Miner 

An 


qua—_m ' 


| os, ene | ys wet R0NnﬀPurwny 39\Þuwo{@©7y 
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And as the Proportions betwixt the 
ides and Angles of Plain Triangles are 
found by numbers and fines : As for Exam- 
ple, The Artificial ſine of any Angle is 
proportionable to the Logarithmetical 
Number of its oppoſite fide; and on the 
contrary, the Logarithmetical Number of 
any ſide is proportional to the Artificial 
ſne of its oppolite Angle : Soare the ſides 
of ſpherical Triangles ( being Arches of 
creat Circles ; and the Angles alſo meaſu- 
redat their Quadrantal Diſtance, or at the 
Diſtance of the Radius from the Angular 
point,) and the proportion between theſe 
fdes and Angles are found by fines only by 
this Rule. Harm. Cel. fol. 10. 

In every, or in any ſpherical Triangle the 
lines of the ſides are proportional to the 
lines of rheir oppoſite Angles, and the fines 
of the Angles are proportional to the fines 
of their oppolite lides. 

And in theſe particulars lies the diffe- 
rence betwixt plain and fpherical Trian- 
ples, and betwixt the protracting or mak- 
ing, and the meaſuring of the ſame: More 
particularly, 


I. To meaſure or take the Quantity of ay 
angle of a ſpherical Triangle, and to 
protratt the ſame by the Projeftion. 


Lay aRuler to the Angular point, and 
Q 4 the 
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C 


" 


[Ext remity of the ſides containing the 
Anole, the ey D{1Ng, Continued to Quadrants 
nth +here the Ruler cuts the Meridi 
#7 Or outward Circle, at bothwhich pla- 
CCS Maxe marks upon the Veridian : The 
L1:tance between thoſe two marks me :{a- 


} 
a. 
Cit 
A 


= 

| ; oy 

red! —O_ your Line of Chords, ſhall 5i;cWMW 
you the quantity of the Angie ronalced T 


Had [9 Protratt AN Angle, as thus 


Eii it, Taking 9$0deegrecs or Reals from 
your Lice of C hords, deſcrite-a Circlc 
part 0; a Circle, ſo muchof it as you live 
occalion tor, and making the Center to {2 
the Angular polnty prick out in the circum: | 
forence ſo many Degrees and Minutes from | 
the ſame Lincof Chords as you would have 
your. Angle to contain: Then it the Gi 
ſtance of the Radi1s from theſe marks in | 
the {ame Circumterence | lacing one foot | 
of your Compalles, with ts other trite | 
an Arch through the mark 41d the Cer te 
do the like with the other mar! 
Arches at tlie Center ſhall include an 
of a ſphx ical Triangle, containins the 
Number of Degrecs as were markt out ! 
the Circumlerence. The lize Ratio 019 
IN any Other Anglo. But 


ad 
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2. To Meaſure, or take the quantity of any 
ſide of a Spherical Triangle, 


And to protraCt the ſame, 1s more d1iff- 
lt, and requires In the firlt place (leeing 
that all Circles have their proper Poles) 
That the Poles of thoſe Circles (whereot 
thoſe tides are Arches) be found out, 


3. Now to find out theſe Poles. 
Note that the Pole of every rreat Circle 
t + ?YEES, OT 40007 drantot a Circle and 
iltart from the Circleit ſelf upon that linc 
which cutteth the Cicle at Right Angles. 
Thus 1n a Projettion of the Sphear the 
P0165 Of all the Rowr- CArCies arc upoi the 4- 
anoctto1,2nd the Poles « { all the Azimuths 
wy he: Orizon: the Poles of the Xqui- 
tial are the Oples of the World; and 
the Poles on Erhe [lort: _00: the Zenith and 
Nadir, Now big e Pole of any Arch 
continued to a Qna Gil lay a Ruler by 
We extrcam wh of The ſaid Arch, and 
mark wiicre it cuts the Meridian or ontward 

| Lircle-: Then take SO Degrees from 1 YOur 
«crof Chords,and \-t oft that diſtance from 
«Cad mark ; and laitly, ny a Ruler from 
Leiormer erd of the Arch go ths latter 


(3-3 which 


was, and where this crolles the Circle- 


AAS7 = WH An On A _ 


345 Of Afronomy. BOOK. 111. 


- Which cuts the Arch at right Angles, there 


1s the Pole of the faid Arch. To make it 


more plain by an Example. 


Suppoſe you would find the Pole of the 
Hour-circle PDS in the Projection, lay a 
Ruler npon P and D, tt will cut the Meri- 


dian or 0:1tward Circle ine, Then take 90 


degrees of your Line of Chords, and ſet 
them from e to f. A Ruler layd from P to 
F will cut the Xquino@ial in y, ſo is y the 
Pole of the Circle PDS, and fo of any other 
as the Pole of ZON 1s ©, Cc. 


4. Thus Daving fourd the Pole of a Ciicle, | 


or of the ſide of a Spherical Trian(e, 


7 NT Py 5 
Which Is toe Ard h of A Circle, To neaſu ex 


the ſaid fide, 


Lay a Ruler opon the ſ:id Pole, and to} 


the extream ends of the fide of a Trianzle, 


note where the Ruler fo laid cuts the Me-| 


ridian or outward Circle at both ends of 
the ſide: That Diſtance taken in your Com- 
paſſes, and meaſured upon the Line ot 


Chords, will give you the Quantity of the | 


ſide of the Triangle. As for Example 11 


the ProjeQion : Let it be required to find | 


the ſide EZ of the Triangle ZEP, lay a Rv: 
ler to 7, (the Pole of the Circle ZEN)) 


and the Angular point E, it will cut the Me- 


ridiat in M, and aRulcr laid to Z will cut 
(116 
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the Meridian in Z, ſo the diſtance MZ ta- 
ken in the Compaſſes, and meaſured upon 
the Line of Chords, will be found to con- 


tain 78 degrees, and ſuch is the quantity of 
the ſide ZE. 


5. Now to Pretratt a ſide of a Spherical 


Triangle, 15 taught by meaſuring of :t, 


For firſt you are to find the Pole, then 
laying your Ruler ſrom the Pole by the ex- 
tremity of one end of the fide, make a mark 
upon the Meridian or outward Circle,and 
make another mark at the extremity of 
the other end of the ſide; and laſtly find 
out the Center of the Circle to the ſame 
Redins, which will cut both the extremities 
of the tide required, and It 1s done. 


SECT 4 


Having thus ſhewn you how to protract 
and mealure either Angle or fide of a Sphe- 
rical Triangle, and withal given you pag. 
343 the Rule to find out the proportions ; 
or by ſomeof the 6 parts given, to find the 
reſt, viz. That the fines of their ſides are 
proportional to the fines of their oppoſite 
Angles & e contra, which Rule is ſo pene- 
ral, that thereby, you may reſolve all, or 
moſt queſtions of the Sphere or Spherical 

Trian- 


— 4 At) rent tn 


_ exd 2nto 109 perts, the ſhadow is 8 
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Triangles: yet I think it not amiſs to lay 
down the particular proportions by w hich 
theic ſeveral Aſtronomical Queſtions uf the 
SI hear are relolved and fourd by the line; 
c Artificial Stnes and Tangents, or Loya- 
rh netical Arithmertick. 
How to find the Suns place 
And ny: T Foray 
His Mer] An Altitude, and the 
1 ne La titud 
Ail theſe you w if hind Tanght 1n Noavw;- 
Talon Pg. "0 5455 < F7» and 2 595 whereunto [ 
reter the Reader: They being there hat Gl | 
az they are Data, or things given : And 
tacrefore ſome of theie being given, | h al 
ſnew you Derg 10W = 23d other OI 
eras orquehtta's may betound in thele fol- 
LO 1112 aoeftions, 


o— 
Ne 
Rd 

a” 


TOE ED +. 
4 &/ tile Sus lmadiw 9 lad his Altitiide. 


T1:{ke a two-foot Rule , or any otiici 

au divided Into equal parts: And as Une 

-chc tho dow 15 to the length of tlc 

Sue or-Statit (he ad | ag pendicular to The 

Moron) upon The lite of Numbers; fo 1: 

e- 2 2G2CNT OL 4 " or Radius to the Sun: 
Ar L EQUITCY AS up POiC t tne ſtall d 


g»gverÞ;v a 


* 


3 

Y 
ET, 

Ti & is 


10] 
theſ 


Wot 


tus 
50 
0) 


LY 
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teſe partszthe extent betwixt 100 and 83 
1 the Line of Numbers will reach from Ra- 


jus, Or 4.5 upon the Line of Tangeats to. 


94, 18 1, 26 ſeconds, the Suns Height 
ove the Hor1zon. 


PRO 5 © 2, 
lo find the Su.,s Declination, vide pag. 258. 
®RODL 5. 


T: find the Suns place you have alſo 257, But 
ſhall add this other Analogy , The Suns 
greateſt Declination, aud his preſent Decli- 
zation given, to find his Diſtance from the 
next Equinoitial point , and thereby his 
place inthe Ecliptick. 


as his greateſt Declination ( which is 


Un, ales 23 d. 30m.) 15 to Radius or ſine 90, 
215 his preſent Declination (which 1s alſo 
w given) to his Diſtance from the next 
unodial point : Suppole the Declinatt- 
111 4, 3o m. his diſtance is 30 4. from 
ie next Xquinoctial point, which1s Arzer, 
Ferefore his true place is juſt leaving Arzes, 
Cd eutring 7 anrus, 


PROBL, 


- ur oe mo pe IRS 7-2 
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P ROBL. 


The Suns greateſt Declination, and Diſtanc 
from the next e/Equinoflial point given, To 


find his Right Aſcenſion. 


As the Radius 1s to the Tangent of his 


Diſtance, Cc. ſois the Co-ſine of his great- 
eſt Declination to the Tangent of hi 
Right Aſcenſion. Example, As go 4. i; 
to 66 4. 3o, fois Tangent of 30 4. to the 
Tangent of 27 4. 50 minutes, 


TEATS ID» 0 


The Suns greateſt Declination, and his preſent 
Declination given , to frmnd his Right |: 
cenſlon, 
As the Tangent of his greateſt Declina- 

tion (234. 30m) is to Radius, ſo is ths 

Tangent of his preſent Declination (whicli 

ſuppoſe 11 4. 30m. )to the Sine of his Rig! 

Aſcenſion 27 d. 50 mm. 


FF EAOS£A £& 
To find the Oblique Aſcenſion. 


If the Declination be North, ſubſtracl 
the Aſcenſional Difference from the rig! 
Aſcenſion, and it will give the Obli9 
Aſcenſion. If the Declination be Sout. 


46 


Tl 


TH 
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14d the fame Aſcenſional Difference and 
Right Aſcenſion together , and the Sum 
will be the Oblique Aſcenſion. 


PROBL. 7. 


To find the Aſcenſtonal "Difference , the Lati- 


tade and Declination given. 


As the Co-Tangent of the Latitude , 
(which ſuppoſe 384. 30 m, the Latitude 
teing 51 4. 3o mn.) Is to the Tangent of the 
Suns Declination (20 degrees) ſois the Ra- 
tins (go 4.) to the fine of the Aſcenſional 
Difference (27 4, 14 m1 ) and ſo much the 
Sun riſeth or ſetteth before or ater ſix, ac- 
cording as the Declination 1s North or 
South, and this 27 d. 14 m. converted into 
time (by allowing 15 degrees to an hour, 
and one degree for 4 minutes of time) is 
lh. 49 m. and ſo much doth the Sun riſe 
or ſet before or after the hour of ſix, ac- 
cording to the time or ſeaſon of the year. 


PR UV-B-L.. 8. 


The Latitude of the Place, and Declination 
of the Sun given, To find his Amplitude. 


| Asthe Co-ſine of the Latitude (38 4. 30) 
5 toRadius (go.) ſo is the Sinc of the De- 
; clinatian 
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cllagtionc@ptol e204.) to the line of the M6: 
Amplitude (33 degrees 20 minutes.) 2 


PR QB L.:: 9; 
To find the Suns Altutude, and firſt his Meri- 


dian Altitude, his Deciination (only? oven, 
a 


If the Declination be North,add the lame 
to the Complement ot the Latitude , an( 
the Total of both ſhall be the Meridian \.- ME 
titude. If the Declination be South, {4!>- WM! 
ſtrat the ſame from the Complement ofthe {M*? 
Latitude, and what remains ſhall be t 
Meridian Altitide. 


BEOERE1o: - 
The Latitude and Declination 914, | - 
find the Suns A:titude at 6 a Cl! 


As the Radius (96 4.) 1s tothe {ine 0 
Suns Declination (20 4.) ſo 1s theme 0. 


Latitude (5 1 4. 30m.) to the line ofthe © l; 
Altitude at 6, v:z. 15 d. 30 m. 
FADES. it: 
The Latitude and Declinati9n 015461 , * | 
find the Suns Alutude when tie is 11911 7 I 
true Eaſt and Weſt points. 3 
As the line of the Latitud: 2(F1 4. 30 1 


is to the line of the Declination (20 0. 
is the Radius (90 d.) to the tine of ti 


3 6 
"0 v4 © 


_ (II, A, Trove f. 5353 
:1n5 Altitude , beins due Eaſt or Weſt 
Gy d.$5 my) 


FOE E 33; 


To find the Suns Altitude at any time 


aſſigned. 


Firſt, Say as the Radius 1s to the Cotan- 
*ent of the Elevation, 1o 1s the lineof the 
Sins diſtance from tix to the Tangent of 
1 Ark, which being ſnbſtrafted our of the 
fans diſtance from the Pole. I ſay again, 

Secondly, As the Co-line of the Ark found 
5 to the Co-line of the Reſidue of the Suns 
Diſtance from the Pole, fo 1s the line of the 
Elevation to the line of the Height required. 


FUSS tie 12: 


lo find the Angle of the Suns Poſution, having 
omen the hour from Noon : The Eatitnae, 
and the Suns Altitude. 


_ As the Co-ſine of the Suns Altitude » 
Which ſuppoſe 78 d.) is to the ſine of the 
our from Noon (35 a. 36 mn.) 10 1 1s the 
ling of the Latitude (38 4. 30 mn.) to the 

ic of the Angle of the Suns Polition at 


time of the Queſtion, (21 4. 45 m. ) 


The 
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PROP EL 16, 

The Latitude of the place, and Decling 

' tton of the Sun being given, To find th 

Angle of the Suns poſition a hi, Riſmg, 


As the Co-ſine of the Declination (504 
is to Radins (go 4.) fo is the fine of th 
Latitude (514. 30m) to the iine of th 
Angle of the Suns Poſition at the time 0 
his rifing, 


Th 


PRKOB LL. 18: 
Flavmg the Suns Altitude, Mis Declination 30 
and Diſtance from the Meridian ( or 1»Wl(s 


hour of the day) given, to find his Azinuth@t 


As the Co-ſine of the Suns Altitude 
( which ſuppoſe 644. 4 mn.) is to his dl 
ſtance from theMeridian ( 614.) or 4 hours 
4 m. before noon (viz. 7 hours 56 m.) o |! 
the Co- fine of the Declination (78 4.30 ”.) 
to the Suns Azimuth from the South Ez!: 
wards, (viz. 72 4.22 m.) 


PKO8B LL. 16; 

The Latitude of the place and Declins 

tion of the Sun given, To find what A<) 
mth the Sun ſhall have at fix aClock, 


As the Co-ſine of the Latitude ( 38 
30 mn.) is to Radius (yo 4.) ſo is the C9 
tangent 
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zngent of the Declination (70 4.) to the 
ingent of the Suns Azimuth counted from 
ie North part of the Meridian (77 4d. 


[4 mM.) 


7RKUS 4 0. 


The Declination, Altitude, and Azimuth of 
the Sun being given, Tofind the Flour of the 
Day, 


As the Co-fine of the Declination (78 4. 
30-n,) is to the Co-ſfine of the Altitude 
(644. 42m.) ſo is the Azimuth (72 4d. 22m.) 
614.) the houy of the day. This 61 d. 
converted into time gives 4 hours, 4 mi- 
mtes, which taken from 12 hours, the Re- 
mainder is 7 hours, 55 minutes before 
Noon + The time of theday required. 


Mr, Leyburns Analogy is this, 


| Asthe Co-ſine of the Declination (70 4,) 
1 to the fine of the Azimuth (1460or 34 F 
*rees) ſo is the Co-ſine of the Alti- M 
tude (784. } to the line of the hour from '' 
Noon 35 4. 36 mm, 
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"Hus you have the ſeveral Analovies art 
Proportions, whereby may be rev! 

veTthele moſt uſeful Queſtions or Frovlel if 
of the —_— by the Rule of Three, wirou; 
elther by L IT, rithmes, pag. ZI. Or Dy th 
Lines of Artificial Numbers > Sincs, at, 
Tangents, pag. 41. taking this Oblervati 
on along with you. 

That( As) denotes, or is put beſorec br 
firſt Number : (Ls ro) the ſecond : (So 1) 
denotes the third: and (To) denotes or 
precedes the fourth , ſo that multiplying 
the ſecond by the third, and dividing the 
Product by the firſt,” produceth the oo vrth 
In the Dire Rule of Three, pag. 19. and 
multiplying the Firſt by the Second , and 
dividing by the Third, produceth t:: 
Fourth by the Indire& or Reverſe Ke 


Three, pag. 19, where you may find »9t. 
the ſaid Rules, 


Further you may obſerve, That the 5415 


we We 


Declination and Altitude is Aſſiſtant to {11 
the Latitude: His Amplitnde and Azim"t!) 
to ſind the variation of the Compals - 1 
Aicenlional Difference to find the time ol 


tlie Suns Riling and Setting : The rig 
Afcention 


- 
CI 
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-enfion of the Sun and Stars is Aſſiſtant 
fnd their .coming upon the Meridian , 
{the hour of the Night. The Latitude, 
-clinations and the Suns Altitude, and 
'imuth is Aſſiſtant and ſubſervient to the 
ding the hour of the day: Theſe two 
{ put together, that 1s, the finding of 
2 hour of the Day and Night is that 
hich we call Dialling, concerning which, 
mw will find ſomething particularly in the 
oncluſion of this {mall Treatiſe 

Having now ſhown you how thoſe que- 
ions of the Sphear may bz reſolved by 
Ingorometrical Calculation, and their ſeve- 
al Analogies and Propurtions allo, by 
Thich they may be found by Ar.chinetical 
reration. I come now to licw you now 
tele may be done by ſeveral Projettions, 
firſt, By the Globe 1t ſelf, being the 
volt natural projection of the Sphear ofall 
ers whatſoever. 

Xcondly , By Theakers Planiſphear , an 
:rument of good uſe for this purpoſe , 
&d a light to the Longitude. 

Thirdly, By Mr, Foſters Qnadrant, that 
) 2 Quadrant with hour Lines, 

fourthly, By the Projection of the Sphear 
Plano. And, 

Laſtly, I ſhall particularly inſiſt more at 
[upon that Queſtion concerning find- 
$ of the hour of the day by the Sun, a 
O 
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of the hour of the Night by the Moon a 
Stars, which may be properly termed 0 


alling, and with that conclude what 1 he 
intend in this Manual. 


$EC 2. tb. 


The Uſe of the Globe in queſtions of the Sphe, 


Thoſe who have a mind to be throug 
inſtructed in the general Uſe of the Globs 
both Caleſtial andTerreſtrial,l recomme 
to them that moſt compleat Book writt 
by Mr. 7oſeph Moxon concerning the Ute 
the Globes in the ſolution of Aſtronomic 
Geographical, Nautical , Aſtrologic: 
Gnomonical Problems, and in the Relof 
tion of Spherical Triangles at large : W 
I here intend is after a very briet mana4Y 
to ſhew you how theſe Queſtions of 
Sphear may be reſolved by the Globe ea 
and ſpeedily. 


Firſt then, You are to find the Latitnari 
the place where the queſtion 15 propoun 


Which to do by Obſervation 1s ta! 
pag. 255. but if you deſire to do it by 
Globe, you are to bring the particula! py 3 
to the Brazen Mcridian, and the deg'Wun 
reckoned therevpon irom the EquatorWWou 
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x place whoſe Latitude you feck, 1s the 
atitude whether North or South : And for 
xe Longitude likewiſe you may find it by 
bſervation, as in pag. 260. and by the 
lobe. Obſerve what Degrees of the 
quator comes to the Meridian with the 
lace, the ſame is the degrees of Longitude 
rom the firſt Meridian. 


In the next place you are to rettifie your Globe 
fit for uſe : Which to do, 


1. When you rettthe tke Slobe to any 
particular Latitude, you muſt move the 
trazen Meridian through the Notches of 
he Horizon, till the ſame Nvnber of De- 
frees accounted on the Mcridian from the 
Pole (towards the North point in the 
dorizon, if in North Latitude, aid to- 
fards the South point, if 11 South Lati- 
ade) come juſt to the edge of the Horizon. 
2, Next reftifie the Quadrant of Alti- 
de, and ſcrew the edge of the Nut that 
Seven with the graduated edge of the thin 
late to the ſame Number of Degrees as 
* Latitude is accounted on the Meridian 
om the EquinoCtial, which will be the Ze- 
th of the place. 

3. Bring the degree of the Ecliptick the 
MN 1S1n that day to the Meridian, (which 
101 ſhall learn to know hereafter ) ao 
(nen 
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then turn the Index of the Hour-Circle te 
tlic hour of 12 on the South-lide t! 
Hour-Circle, 1t in North Latitude & cor 
tra; and then 1s your Hour-circle lf 
rectified, fit to uſe for that day. 

Laſtly, To reCtihe the Globe to corre 
ſpond in all reſpe&ts with the poſition 0 
the Sphear, you muſt with a Needle place 
in the bottom ſet the 4 quarters of tht 
Horizon Eaft, Weſt, North, and Sout', x 
greeable to the 4 Quarters of the World 
and the Horizon by a Level you may { 
parallel to the Horizon of the World. 

And politing the degree of the Ecuptg 
the Sun is In to the Height above, or cept 
below the Horizon the Sun hath in He. 
ven: Your Globe 1s made car a7 RP 
all points with the frame of the $Splica! 
for that particular Tie and Latitude. 


The Globe thus reitified, you may find a t 
1 F F. 


forementioned Problems on this manicr. 


. Find the day of the Moneth 1n t: 
Ee Horizon, ard over acainit ITY 
will find the de orec of the Eclipticks v 
the Sun 1s in that day : AS ſup; ole 7 al Lo 
don (where the Pole is elevated 5 1 ' 
of Northern Latitude, the Globe rect | 
for the ſame Latitude, as alſo the £10"! 


Circle , and Quadrant of Altitude! 0 
a Cal 


CO — — — — 


- 4 
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gainſt the 1o:þ of May you will ſee the 
ens Place in the Zodiack 1529 degrees of 
s T aurns. 

2. Bring this degree which 18 the Suns 
place to the Eaſt-lide of the tlorizon, aid 
ts diſtance from the Equinoctiil, or from 
the due Eaſt point 1s the Suns Amplitue , 
or ſo much as the Sun riſeth before or aftcr 
the hour of ſix 33 4d. 20 2, from the Egit- 
45% Northwards in this Example. 

. Look upon the Hour-Circle, and the 
er will point to the hour of Sun-1 Sar 
which in this Example 1s 12 Minutes attcr 
4 tn the morning, 

4. Oblerve w Nat degree of the Xquino- 
ctial riſerh Wt the Suns plice, and Lat 18 
his Oblique Alceniion, reckoning from the 
Yernal colure in the Celeſtial, and from 
the firſt Meridian 1n the Terreſtrial Globe. 

5. As you move the Globe round upon 
ns Axis Weſtward, you niay (at any time 
or hour which the Index of the Hour-Cir- 
cle poLnts tro) know the Suns Altitude at 
that time , by brinzing the Quadrant of 
Altitude to cut the Suns Pizace : ASAL 53 mm, 
paſt & in the morning, you will find 1t juſt 
49 degrees high above the Horizon : And, 

6. The Quadrant of Altitude at the Ho- 
ron will ſhew his Angle of Polition, or 
upon what point 05 the Compaſs it i IS. 


R 72.106 
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7. The Suns Azimuth is the ſame with 
his Angle of Polition. 

8. Andhis Almicanter the ſame with his 
Altitude. 

9. Bring the Suns place to the Meridian, 
and there the degrees intercepted betwixt 
the Suns place and the Horizon, reckoning 
upon the Brazen Meridian, is the Suns Me- 
ridian Altitude : In this Example, (50 4. 
20 m.) 

10. The Diſtance betwixt the Suns place 
in the Ecliptick, and the EquinoQtial is 
the Suns Declination reckoned alſo upon 
the Meridian : In this Example (20 4. 5 m.) 

i 1. TheDegree of the Equinoctial which 
comes to the Meridian with the Suns place, 
15 hisright Aſcenſion, reckoning from the 
Vernal Colure, or firſt Meridian. 

12, The number of degrees comprehen- 
ded betwixt the Oblique and Right Alcen- 


(jon, 15the Alcenſional Difference reckoned. 


upon the EquinoCtial. 
13. At any Degree of Altitude, cither 


before Noon, or after Noon, the Index of 


the hour-Circle points to the hour of the 
day. 
14. Ard laſtly , when the Suns plzcc 


the Index of the Hour-Circle will potnt t0 
the hour of Sun-ictting, and alſo will thew 
his Oblique Deſcention, and upon whit 
\ +1107 rf) 
OLIN 
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Azimuth or point of the Compals it ſets, 
and how much before or after lix. 

Whas is here ſaidof the Sun, the ſame 15 
tobeunderſtood of any Star, uling the faid 
Star as you do the Snns place: As to In- 
ſtance in theſe particulars : The Glove re- 
x as before. 

. By the Meridian Altitude of any Star, 
ty £ng the Elevation of the Pole : Obſerve 
by a Quadrant or other Inſtrument the Me- 
 ridian Altitude, and bringing the Star to 
the Meridian, place It upon the Glove to 
the Altitude obſerved, ſo ſhall the Number 
of Degrees intercepted between the Pole 
and the Horizon, be the elevation <t the 
Pole. 

2. To find the Right Aſcenſion of any Star, 
bring the Star to the Meridian, and the 
Number of degrees betwixt the Vernal co- 
lure, and the Meridian its Right Aicenti- 
on; in like manner for his Oblique Alcen- 
L101, or oblique Deſcenlion. 

3. To find the Declination of a Star N 
vrinz the Star to the Merid an and cout 
the Number of Degrees betwixt the fail 
dtar, and the EquinoCial, the ſame 1s the 
Stars Declinarton be it North or South. 

4. The Azimuth and Almica! itara, or 
which isall one, The Alticude aid Angle 
of Poſition of any Star is found the ſame 
Way as the Snns Azimuth and Almicantara, 
8tn 5,6, 7,8, fel. 39.9.2 5. Fo 
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5. Toknow any Star in Heaven, Firſt 
having a Theodolite, with a moveable InWio 
dex, upon the Index fix a two-toot Rule Ml"? 


or ſucha thing perpendicular ; and at t; 
top of the Rule hang a Quadrant, then la- 
Cing your 1heodolite trueNorth and Soi.thW 
by help of a Needle, or a Meridian Line jM'* 
you may by the Quadrant take the Almican-M © 
tara or Altitude; and the Index of the 
Theodolite will ſhew the Azimuth or Ar- 
gleof Poſition + And obſerve by the Globe 
what Star there hath the ſame Azimuth and MI 7! 
Almicdntara at the fame time, and that i; *! 
the fame Star which you obſerved in Hea- MY # 
ven: Forifevery Star on the Globe had a 
hole in the midſt, and your Eye were place I © 
in the Center of the Globe, you might by II * 
keeping your Eye in the Center, and look- II ** 
tng through any Star on the Globe, ſee the 
ſame Star 1n the Heaven, which that 0: l 
tacGlobe doth repreſent; for from the Cei- I © 
ter of the Globe there proceeds a ſtrait I} * 
Line through the Star on the Globe even t9 
the ſame Star in Heaven. | 
6. The Meridian Altitude of a Star I} 
found upon the Globe by bringing the laid I * 
Star to the brazen Meridian, and rec:0- I 
ning how many degrees it is above the t10- 
11Z0n, the Globe rectified as before ſhows. 
7. And by the Hour-Circle, turning 4- 
bout the Globe, you may obſerve at wiz! 


X \ a 
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-mrany Star will be upon the Meridian » 
wit, when the ſame Star onthe Globe 
n1ch23 the Brazen Meridian. 

2 The Globe rectified, and the Altitude 
fz Star fonnd by a Qvadrant in the Hea- 
22s, and rhe ſame Star broughtto the ſame 
torec of Altitude upon the Globe, by the 
Nadrant of Altitnde,the Index of the hour- 

Ircle will romt tothe hour oft the niohe. 

9, The Riſing and Setting of the Stars 
ire found as the riling and ietting of the 
Sin ; But this riling and ſetting admits of 
3 threefold diſtinCtion : 

1. Coſmical, when any ſtar riſeth with 
the Sun, it 1s ſaid to riſe Colmically, and 
when any ſtar ſets when the Sun rileth, 1t 1s 
aid to ſer Coſmically. 

2. Acronical, The ſtars that riſe when 
the Sun fets are ſaid to riſe Acronically, and 

ae Rars that ſet with the Sun are juid to 
let Acronically. 

3. Heliacal, when a ſtar formerly in the 
Duns Beams gets Our of the Sin Beams, 1t 13 
aid toriſe Helizcally, and wien a ſtar for- 
merly our. of the Suns Beams pets 1nto tie 
uns Beams, it 1s ſaid to ſer Heliacally. 

And what ſtars do rite or fet any of thee 
waies, and when may be ealily fourd by 
the Globe, az in Aoxorns lib. 2. Probl. 35, 
6,37, Which I ſhall not here inliſt upon. 


R 3 L aſtly, 
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Leſtly, I ſhall ſhew you how to find thel 


Longitude and Latitude of a ſtar, and {6 
conctude as to the Caleſtial Globe. 

[t the ſtar you enquire after be on thc 
North-lde the Ecliptick, you mult elevate 
the North Pole 66; degrees: If on the 
South-lide you muſt elevate the South Pole 
45 much, then bring the ſolſtitial colure to 
the Meridian on the North fide the Hori- 
zon, and icrew the Quadrant of Altitude 
to the Zenith, which will be 23; degree; 
trom the Pole of the World, ſo ſhall the 
Ecliptick lye in the Horizon » and the 
Pole of the Ecliptick alfolye under the Cen- 
ter of the Quadrant of Altitude: Now to 
find the Longitude of any ſtar, turn the 
Quayrant of Altitude about till the gradua- 
ted edge of it Iyeon the ſtar, and the 4 

'ree 1n the Ecliptick that the Quadrant 
ronches is the Longitude of that ſtar : - We 
the degree of the Quadrant of Altitude that 
touches the ſtar 13 the Latitude of the ſtar, 
ſo the Longitude of Marchab a bright far 
inthe Wing of Pegaſis will be found * 15 4. 
gh, andits Latitude 19 4. 26 7, 

\W hat hath hitherto been ſaid, concerns 
the Cavleſtial Globe, I ſhall add a fey pro- 
polittons proper to the Terreſtrial, whi 1 
together will contain the principal Pro- 
lems to be periormed by the Globe. 


T 
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1, To find the Diſtance between any two places 
on the Terreſtrial Globe. 


The graduated edge of the Quadrant of 
Altitude applyed to both the places, will 
ſhew the number of Degrees betwixt them ; 
or with a pair of Compaſſes pitch one foot / 
in one of the places, and the other footin FÞ| 
the other place, and keeping your Com- þ# 
paſſes at that diſtance, apply the feet to 
the Equino@tal Line, and you will find 
the number of Degrees comprehended be- 
tween them + As ſuppoſe the places were 
London and Jamaica, you will find 63 } de- 
grees, which multiplyed by 60, makes 4 i 10 
En7lijh Miles. 


2. To find upon what point of the Compaſs 


any two places are ſcituate one fiom anuther. 


Find the two places on the Terreſtrial 
Globe, and ſee what Rumb paſſes through 
them, or if no Rumb paſs immediately 
through both, take that Rumb which runs 
molt parallel to both the places: 


3. Toknow what a Clock it is in any othcr- 
part of the Earth, 


Note that thoſe places to the Eaſtward 
R. 4 of 
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Ot u3 have their day begin ſooner than ours, 
oy (? rho'e FO the WW eſt ward later : 3 there- 
fore {ir{t brin z the place of your own Na: 


4 
r P4.9 


tionlto thi 2 Meridian, and the index 


Oi the Hour: Circle to 12, then brins-t the 


Other pl: 1ce to the MCriaian, and the Index 
Will DOE £0 the hour 1n the other plece, 
{, LT PN Or later. 


4. £nyplace onthe Terreſtrial G /age Piven, 
to find its Auttpodes. 

Nay the given place to the Meridian , 
vn may and 1ts Longitude and Latitude, 
[£11 Tur 11 about the Globe till 180 delrees 
ofthe & juvator paſs through the Meridian, 
and keeping the Globe to this polition, 111m: 
ronthe Meridian 180 dc egrees from tit 

[; titude of the given places, and the point 
Juit under that degree 1s the Antipode 


—— 


es 4 
or bring the given place to tie North cr 
SOUTH Point of the Horizo!, Nin The P : l 
of the Globe denotea by te oppol'te port 
or eg Horizon is the Antipedes or tre 


V CN place. 


6. "74 find the Pe; ecy of ary 7iven place, 


- 


You muſt underſtand th > -PErecy ON 
place are ſuch as dwell about the tame He- 
miſphere in the ſame Parallel from tis 
.:uvator, the one Eaſtern, the other We 
ltern, directly oppolite to one anotier 


There- 


\? 
p 
- 
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pM bring your place to "_s ſide the 
Meridian which 18 1n the South notch of the 
Horizon, and follow the parallel of that 
'nlace on the Globe till you come to that 
ide the Meridian which 1s in the Northern 
notch of the Horizon, and that 1s the Pe- 
recy of your place. 


. To find the Antecy of any given place. 


The Antecy are ſuch as dwell one againſt 
ara having the ſelf ſame Meridian , 

ng equal diſtance from the A quator, the 
one in the Northern, the other in the Sou- 
thern Hemiſphere, therciore bring your 
place to the Meridian , and find its Lati- 
()0e: Then if it have North Latitude, 
-0unt the ſame number of Degrees on the 
Meridian from the ZXquator South-wards : 
Ent if it have Sovth Latitude, count the 
'i2me rumber of Deare 'cs from the A.quator 
Northwerds, andthe Point Of the Globc 
Hretly under that pumver of Deegrces 15 
the Antecy of your place. 


d. How to nang the Te: FG G lobe in ſuc!) 
a Poſition, that vy tie Suns ſhining 1913 


it, you ly with v10at alight at once 


beho'd the Den, ant; Alton 0 many Princs- 
ples in Ait; roomy ard Ceopy apby. 


Take the Terrck rial Ball out of the Ho- - 


120n, and faſten a Three on the Brazen 


b 
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Meridian to the Degree ofthe Latitude of 


your place: By this thread hang the Glob 
where the Sun-beams may have a free acces 
tolt : Then direCt the Poles of the Globe 
to their proper Poles in Heaven, and with 
a thread faltned to either Pole, brace the 
Globe io that It do not turn from his poll- 
tion : Then bring your habitation to the 
\'eridian, fo ſhall your Terreſtrial Globz 
be rectified to correſpond in all reſpects 
with the Earth itſelf, fo that with great 
delight y8u may behold 

1. How the counterfeit Earth (lile the 
trac one) will have one Hemiſphear Sun- 
ſhine-ltght, and the other ſhadowed by the 
111g Hemiſphere, you may ſee that it 13 
Gay in all places that are ſcituate under it; 
{or on them the Sun doth ſhine: And that 
1t 1s Niyhrt at the ſame time in thoſe placcs 
tat are i{cituared 1n the ſhadowed Heml- 
Pura: (or on them the Sun doth not ſhine 

I In the Nn nadie ot tie enlightied H 
miſphear 1 YOU {et a Spherick Dao Te# 
rendicularly, it Wi project no ſhadow, but 
thew that the Sun 15 wt in the Zenith of 
that place, that is dire&tly over the heads 
of the Inhabitants, 

3. If you drew a Meridian Line trom one 
Pole ro the other juſt through the midcic 
ot theeniightrned Hemiſnhicar, in all Places 
undcr that Line, It 1s Noon : : In thoſe pi# 

ces 
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ces ſcituate to the Welt it is Morning, for 
with them the Sun 1s Eaſt; and in thoſe 
places ſcituate to the Eaſt, it 1s Evening) 
for with them the Sun is Welt. 

4. So many degrees as the Sun reaches be- 
yond either the North or South Pole, fo 
many Degrees is the Declination of the Sun 
either Northwards or South-wards, and in 
all thoſe places comprehended in a Circle 
celcribed at the termination of the Sun- 
ſhine about that Pole, it 1s alwates day till 
the Sun decreaſe in Declination ; for the 
Sun goes not below their Horizon, as you 
may ſee by turning the Globe about upon 
Its Axis: And in the oppoſite Pole at the 
ſame diſtance the Sun-ſhine not reaching 
thither, it will be alwales Night till the 
Sun decreaſe in Declination, becauſe the 
San riſeth not above their Hor17on. 

5. If you let the Globe hang ſteddy, you 
may ſee on the Eaſt-ſide of the Globe in 
what places it grows Night; and on the 
\Weſt-lide of the Globe how by little and 
little the Sun encroaches upon it, and there-- 
fore there makes it day. 

6. If you make of paper or parchment az 
narrow Circle to begirt the Glove juſt in: 
the Equinoctial, and divide it into 24 equal 
parts to repreſent the 24 hours of day and: 
night, and mark it in order from I, 24.35, 
t© 12, and then begin again with 1, 24.33, 

TWO» 
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to other 12, you may by placing one of the 
Twelves npon the Equninottial under the 
Meridian of your place have a continual 
Sun-dial of it, and the hour of the day gi- 
ven on It at once in two places, to wit, 
where theenlightned Hemiſphere 1s partcd 
from the ſhadowed both on the Ezlt and 
\A/ Cit-iide ot the Globe ; much more might 
be {aid on this {1JeCt, bat the ingenious 
Artiſt may of himlſelt fii:d out diverlitics of 
( TACT [DCCuLations, 
nd thus mn h Mall inſi:ce to have (po- 
Ken CONCEerNLNT the uſe of the Caoleſtial and 
£1 eferia|Globorandf '0 | hallreturn from 
115 Digrc!hon to my former propoſed Mec- 
t Wk ang. Mew \ OU HOW: molt ot Thois 


b# Soh En Dro obleins; Pa. 395 nay bC 
FCIOIVEU. 
ECT 4 
fy Tneakers Planiſphear. 


Tims Inſtrument conſiſts of two Sphears 
or Plains, the lowermoſt and fixed, wherc- 
Ii: 15 delcrived three ſeveral hour-Circles, 
MMC UPPerr NOltalvidedinto 24 hours, where- 
Ints recxcn'd the Right Aſcenſion of thc 
Sun or Stars 1n hours and minutes : The 

r.Cxt is called Aries hour-Circle, having 
* ſtanding betwixt 2.4 of the outward hour- 
Circle. aud 12 in the knward or third 

hour - 
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zr-Circle ; in this is reckon'd the time of 
xe Sun and ſtars riting and ſetting, or 
the ſtars coming to the South - The third 
zur-Circle 1s divided into twice twelve, 
id in this is reckoned the difference of 
me, and next to this is the A:quinoCtial 
cle divided into 360 degrees : In the 
mer moving Sphear or Plain 1s drawn, 
ſt, The Circle of Moneths , placing 
ric at the 10th. day of March, by which 
cans you may there find any day of the 
loneth yo defire ; Secondly, Next to this 
22ain placed another Aquinoctial Circle 
[rided into 369 degrees. Thirdly, The 
Llipt ick, containing the 12 fignes of the 
odiack, each ligne divided 1nto 30 degrees. 
here is allo belonging to this moving 
an a moving Meridian, I call an Index 
72duated both wales from the Equinoctial, 
'hoſe length is equal to the Di: meter of 
he EquinoCtial deſcribed on the upper mo- 
ing Plain : The other parts whereof be- 
ond what is graduated fervyes to cut the 
ircle of Moneths, the EquinoCtial and 
F Circles on the lower Plain as occalion 
Laſtly, There cught to be allo a turn- 

iz Horizon which may be fitted for any 
ztitude , having two Indexes thereunto 
conging, a longer anda ſhorter according 
0 the Pattern, to make which Horizons 
vr all Latitudes upon a piece of Paſt- boards 
raw 
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draw 2 lines perpendicularly croſſing eac 
other in the middle, the length of one ofiic 
thele Lines make equal to the Diametc 
of the upper Sphear, and upon the otheMic 
Line from the Center mark out the Lati leg 
tude, by which means there is found thret 
potnts, now find the Center to thok 
points, and [trike an Arch and cut out by 
that Arch the Horizon required. 


RNS EE £ 


Flow by this Inſtrument to find the Declinatio 
place m the Ecliptich, and the Right Aſcen 
fron of the Sun or any Star. 


Firſt, Turn the upper Sphear till Arics * 
or the 10th of March ſtands directly again! 
Artes \ in the lower Sphear. Then bri'% 
the moving Meridian to the day of it: 
Moneth, if your queſtion be concerning t1: 
Sun ; or it it concern a ftar, lay the Inc: 
upon the Center of the ſtar (whereof you gn 
find many with their Names added upon if t» 
upper moving ſphear.) This done, ob{er'a vj 
that the Diſtance betwixt the XquinoctiaY th 
on the upper plain, and the ſuns place OI By 
ſtar ; 1s the ſuns or ſtars Declinatio! M tic 
and the point or place cut in the Eclipt10W Ht 
at the ſame time by the Index, ſhews ''WM th 


ugn , degree, and minute, the ſun or !t2! 'M fir 
Is 
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1; being their place or Longitude in the 
cliptick: And the Degree and Minute 
hen cut in the EquinoCcial by the Index, 
hews the ſun or ſtars right Aſcenſion in 
kgrees and Minutes, and the ſame is ſhewn 
n Honrs ai:d Minutes in the outermoſt 
dour-Circle of the lower Plain : For Ex- 
mple, the 20th of April the ſuns Declina- 
ion 1$ 15 degrees North, his place is io d. 
$m, of © T aurns, his Right Aſcenſion 38 4, 
Thich in time 1s two hours, 32 minutes. 
The 17th of Fane the great Dogs decli- 
ration, 16 4. 32 21, his-place or Longitude 
:degrees of Cancer > : His Right Aſcenſion 
:3$4.and in times hours, 32 minutes. 
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To find the Riſing and Setting of the Sun or 


any Star. 


If the fun or ſtar have North Declinati- 
on, bring the longelt Index of the Horizon 
tO 12 hours in Aries hour-Circle, which 
will alſo'cut 20 degrees of Longitude in 
tne EquinoZtial, the Meridian of London - 
But if the ſun or ſtar hath ſouth Declina- 
von, then bring the ſhorteſt Index of the 
Horizon to the fame place, and there keep 
the Horizontal Index faſt, and if you de- 
ireto know its Riſing» turn the upper mo- 

YIDg 
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ving ſphear till the place of the Sun or the 
ſtar come-exactly to touch the Circular 
edge of the Moving Horizon in the Eaſt 
Semi-circle of the moving ſphear ; or if 
you deſire its ſetting, bring the Suns place 
or ſtar co touch the Horizon in the Weltern 
Semi-circle : Then turn the moving lndex 
or Meridian to the day of the Moneth, and 
the ſame Index will there ſhew you the time 
of the Sun or ftars riſing or ſetting in Arte 
hour-Circle : For Example ; the 20th of 
April the Suns place being 104. 12 wm, of 
[ aurus, riteth {ar 4 6;:; LY 7. In the morn- 
ing, and ſets at 7 h. '12m.:1n the Aftcr- 
noon. Alſo the great Dog the 109 of 
March rileth at one a Clock C2 MIPHtos 
the Afternoon, and ſets at 11 ho: 
11a Clock 8 minutes at nipht. 


70-8 65.3. 


To bnow when any Star comes to the Sout!, 


Firſt, Bring the Moving an pag ON 2 


12 hours in Arzes Hour-Circle, and 20 
grees in the AquinoEtial, the Lads C Or 
Meridian of London: keeping that faſt, more 
the upper ſphear till the ſtzr come 2k t [9 
the graduated edge of the moving Meridia! 
and there keep the ſtar faſt, then turn t4: 
aid moying Mcridiag to the day of 1": 
Monet! 
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\ſonth, and in Aries Hour- Circle the ſame 
noving Meridian will ſhew you the time of 


that ſtars coming to the South : So the. 


rat dog the 1/f. of ZFanrary comes to the 
Suth 11 a Clock at night ; and Or1ns 
zit ſhoulder the ſame day at 9h. 37 m. Cc. 


lo uſe Theakers Planiſphere wnſtead of a 
Neiturnal, or by it to frid the hour of the 
Night by any Star Whici) 1s thereon, 


This may be done two ſeveral wales : 
Ire firſt is the ſame with that deſcribed 
376.) Prob. 3. for to know at what hour 
ny ſtar comes to the South muſt neceſlart- 
5 ſhew what hovr it 1s when that ſtar 
Ones to the South, and conlequently any 
ther hour may be found by knowing how 
many hours ſuch a ſtar is paſt the Meridian, 
ir ſhort of it : And theretore, 

1. Suppoſe 12 hours in Ares hour-circle, 
120 4.in the EquinoCtial, the Meridian 
UM London (which are both one) to be 1n- 
kad of the Flower de Luce, or North point 
"a NoCturnal - By help of the Index bring 
* ſtar on the Inſtrument ſo many hours 
ullt, or ſhort of 1t, as the ſame ſtar is 
Ut or ſhort of the North-point in Hea- 
MM: Keeping the ſtar to that Polition 
0 the Index to the day of the Moneth , 
din Aries hour-Circle the ſame Index will 
KW you the hour of the night. 2. Sup- 
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2, Suppoſe V to be inſtead of the F!:ws 
de Luce or the North point, bring the {+ 
ina due poſition thereunto, and the 0; 
of the. Moneth ſhall point exaCtly to th 
hour of the night in the third hour- Circle 
next below Arres hour Circle in the Fix 
Plain : So the firſt of Apr/l the bright ft 
in the Rump of the great Bears Tail bci; 
upon the Meridian, either of theſe waic: 
w1ll appear to be | of an hour paſt 11. 


P AUS LL. 4 


To find at what time the Moon, or any < */ 
Planets come tothe South, 


Firſt, You muſt know the Sign and Degre 
In the Ecliptick which the Moon or Plan 
IS in, and bringing the moving Meridiz 
or Index to 12 hours and 20 degrees ti 
Longitude of London , bring the degre 
which the Moon or Planet is in to the cd 
of the Meridian, and there keep both t 
and then look in the Circle of Moneths, all 
right againſt the day of the Monet" 
Aries hour-Circle, you will ſee at wi! 
Clock that Planet comes to the South: Þ 
for the Moon you muſt remember to ? 
2 minutes for each hour, vide T hci! 
Book, pag. 20. ; 
Thole that deſire to know more of */ 
Inſtrumc! 


1 
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ntrument, I refer them to the ſame Book 
of Theakers, and fo paſs on to ſhew how 
the moſt of theſe Queſtions of the Sphear 
nay be found. 


PA 0 BL. 74. 


tan Appendzx to theſe things, Concerning the 
Moon, 1 ſhail ſhew you how to find the Moons 
place. 


Multiply the Moons age by 2, and divide 
the Product by 5, the Quotient will ſhew 
iow many Signs, and the Remainder or 
traction, ſo many times 6 degrees as the 
oon is gone from that ſign and degree 
here the Sun 1s at that prejent : Or more 
radily by this following Table. 
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The uſe of the T able by an Example, 


As ſuppoſe the 19th day of 7une 1675, at 
Noon, you would know what lign the Moon 
s1n : The change was the 1274 day, at 8 
hours at night ; therefore the 19th day at 
Noon the Moon 1s 6 dayes, 1+. hours old. 

The place of the Sun and Moon at the 
thange was 3 ſigns, 1 degree, © mr. the 
loons motion for 6 dayes by the Table is 
ſigns, 19 4. 3 mn. and for 16 hours, 8 4. 
gm. the ſumis5 9. 284. 50m. that isin 
$4. 50m. of Virgo,which 1s the 5 lign from 
lries : The like may be doneat any other 
ime. SO much ſhall ſuffice to have ſpoken 
Oncerning the Moon, 


C3 OF: 8; 
By the Quadrant, 


| hall firſt give you a Deſcription of the 

Lines thereupon, and then ſhew you the 
W'- thereof: The double Arch next the 
enter 1s only for Ornament : The next 
arch is the XquinoCtial, and the next to 
lat repreſents the Tropique ; betwixt 
HMch two Arches is the Line of Declina- 
In upon the ſide of the Quadrant, con- 
angz3d 3om. and within are the Azi- 
I! or hour-lines : Alſo CroGwiſe betwixt 


the 


& 
' 
' 
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the AquinoCtial and Tropique is the Ecli 
tick, containing three.of the l{igns, each ſi; 
divided into 30 4. or at leaſt ſuppoſed to iy 
ſo : Next to the Ecliptick, and joyning 
with it in the Aquinoctial is the Horizon 
divided, or ſuppoſed to bedivided into 404 
and ending or croſſing the Tropick in 3: 4 
9 m, Next below the Tropick 1s the Circ] 
of Months, which you may know by the 
Letters prefixt : The next Arch below theſ 
is the Quadrat, or that which ſerves in 
ſtead thereof, the line of right ſhadows 
and contrary ſhadows numbred from 1 t 
10, and ſo back again to 1, 

And the loweſt of all is the Limb of | 
Quadrant divided into go degrees, and caci 
degree into halfs. For the uſe thereof, 

1. The Thread laid on the day of ti 
Moneth, and the Bead juſt to touch t! 
hour-line of 12 : at the ſame time the thre? 
will ſhew in the Limb of the Quadra 
the Meridian Altitude of the ſun, and m! 
ving the Bead from one hour to anothe 
will ſhew the ſuns Altitude at any ho! 
whereon the Bead reſteth, and the Bc! 
amongſt the hour-lines will ſhew the 10: 
of the day. 


2. How to find the Hour of the Night oy j0 
principal Stars ſet tpon the Quadr.ut: 


How to place any ſtar npon the Quadri"F- 
FL 
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fiſt, You muſt know the ſtars Declination 
from the Aquator, and his Right Aſcenſi- 
m from the next AquinoCtial Point : As 
the Declination of the Wing of Pegaſus, be- 
0g 13 d. 17 mm, His right Aſcenſion 358 4. 
4 1, from the firſt point of Artes, or 14. 
16m. ſhort of it: If you draw an occult 
xrallel through 13 d. 19 m. And then lay 
iRyler to the Center A, and 14.26 mn." in 
the Quadrant, the point where the Ruler 
noſſeth the Parallel, ſhall be the place for 
be Wing of Pegaſus, an ſo for the reſt. 


Stars. R. Aſcenſion. Declination. 


Arcturus 30.4. 97M) 214 0 
Lyons HeartC\ 32 4, 28m.C 13 4. 42 nn 


Bu!ls Eye 64 d. 18m( 15 d. 46 m. 
Aquila 66. 4. 26m.) 8 d. 3m 


Wifind the Hour of the Night by theſe Stars. 


Firſt, put the Bead to the ſtar which you 
'Wtend to obſerve, take his Altitude, and 
Wotc how many hours he is from the Meri- 
an, then out of the rizht Afcenſion of the 
ar take the right Aſcenſion of the ſun 
Mverted into hours, and mark the Diffe- 
fnce ; for this difference being added to 
ie obſerved hour of the ſtar from rhe Me- 
Uan, ſhall ſhew how many hours the Sar 
* fone from the Meridian, which in effe&t 
the hour of the Night : As for Example, 
EC th of July the Sun being then in 26 4. © 


of 
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of Cancer, 1 {et the Bead to Oculus T aurt, or 
the Bulls Eye, and obſerving his Altitude 
ſhould find him to be in the Eaſt about 1 
degrees high, and the Bead to fall on the 
hour-line of 6 before naon, which is 18 
hours paſt the Meridian, (or paſt 12 at 
Noon.) The hour of the Night would bg 
better than a Quarter paſt two of the Clock 
inthemorning. For 1184. the Right A 
cenſion of the Sun converted into time,make 
7 hb. 52m. this taken out of 4 h. 15 m. thi 
Right Aſcenſion of, Oculu4 Taurs adding : 
whole Circle (or 2.4 hours) for otherwil 
there could be no ſubſtrattion, the Dilfe: 
rence wlll be 20 h. 23 m. and this being ad 
ded to 15 hours, which was the obiervct 

Diſtance of Ocalas Tauri from the Meridian 

ſhews that the Sn (abating 2.4 hours for tl! 
whole Circle) is 14 þ. 23 m. paſt the Meri 
. Clan, and therefore 23 ». paſt two of tY. 
Clock in the morning. | 
3. At what hour the Bead touchecth 1M 

Line of Declination, that is, the hour 0 
the Suns rifing or ſetting : And bring t'M | 
Bead to the Horizon, and the degrees cM ; 
in the Limb is the Aſcenſional Differenc*Mf | 
( 


| 


4+ The degrees cut by the Bead in 
Line of Declination, ſhews the Suns Dc.) 
nation for that Day. 1: 

5- The Bead brought to the Ecliptis 
ſhews the Suns place. 


' 
5. Þrougs 
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5. Brought to the Horizon ſhews the 
amplitude, which 1s alwates North when 
the Sy 1s In Northern figns, and South 
when the Sun is in Southern. 

6, The Bead ſhews the Azimuth, rhe 
thread being laid to the Suns Altitude. 

7 The thread laid to the Ss place, it 
hews in the Limbot the Quadrant his rignt 
aſcenſion. 

$. Moving the Thread backwards from 
the Line of Declination towards the hour- 
line of 12 : It ſhews in the Limb the degrees 
of the Suns Depreſſion under the Horizon 
at each hour, and conſequentiy when it is 
18 degrees under the Hor1zon 1t ſhews the 
beginning of Cay breakzand end of twilight. 


Thus you ſeeall theſe Aſtronomical Que- 
ſtions are ealily a''d ſpeedily reſolved by 
the Quadrant, but obſerve that theſe Qua- 
rants do ſerve only for ſome particular 
Latitudes. 

AS an Appendix [ ſhall add the ingenious 
uſe of the Quzdrat upon the Quadrant , 
and lo conclude this Point : This which is 
called the Quadrat is ſupplyed in a Line 
drawn next above the Limb of the Qua- 
drant numbred from 1 to 10 in the middle, 
and ſo back againto 1, (as in the Deſcrip- 
tion,) whereof the former part are called 
Right 


» 


385 Of Aſtronomy. BOOK 1 


Right ſhadows, and the latter to the right 
hand are called contrary ſhadows, and by 
theſe you may find an Height by a known 
Diſtance, or a Diſtance by aknown Height, 
And for performing hereof take theſe Rules. 

1, If the thread fall in a right ſhadow , 
As 100 1s to the parts on which the Thread 
falleth, ſo 1s the Diſtance to the Height re- 
quired : Or, As the parts cut by the Thread 


is to 1co, fois the Height to the Diſtance | 


required. 


2. if the Thread fall ina contrary ſha- | 


dow, AS the Parts cut by the Thread are 


to 100, fo is the known diſtance to the | 


Height required : Or, As ' 0015s to the parts 
cut by the Thread, ſo 1s the known Height 
to the diſtance required. To make thi; 
more plain, If the thred fall on 1co parts, 
which 18 denoted by 10 in the Quadrant, or 
on 45 degrees in the Quadrant ; the Height 


15 £qual to the diſtance above the Level of 


your Eye: If it tall on 5o parts of Ri-lt 


ſhadow, the Height is half the diſtance, it 


It tall 01 25, It 15} 3 quarters of the «1- 
itance- Eut 1i the Thread fall on 50 parts 
0! contrary ſhadow, .the Height 1s doubie 
to the diſtance ; If on 25, it is 4 times the 
diſtance, and the like of the relt. 


CH4P. 
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CHAP. VIE 


ob to return to my propoſed Method, 
having ſhewn you how theſe Spherical 
Problems or Queſtions of the Sphcar may 
te ealily and readily reſolved by thole Ar- 
tical Projettions of the Glove, the Plani- 
ſpnear . and Onaarant, and by way of Dt- 
zreſſion, having added the other uſes allo 
ol theſe Inſtruments, 1 come now in the laſt 
place to ſhew how theſe queſtions may be 
reſolved by Projettion of the Sphear in pans, 
oo to do this, 

. I ſhall ſhew you how to Prejcit rhe 
TO in plans. : 

2, How theſe Sph#rical Triangles do na- 
turally lye in the Sphear it felt : Thus Pro- 
ited. 

3, How the Sides at 0 Angles of thele e 
[pherical Triangles may be mea ſured In the 
Projection by a Linc of Chords only, where- 


by theſe queſtions are moſt ingentoully re- 
lolved. 


ls © 1 ue © 


How to Projeit the Spnear in plano upon the 
Plain of the Aeriditn. 


I might ſhew you {everal waies of Pro- 
I 2 jection, 
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j:(tion, as that which they call the ana. 
lemma, which is by drawing ſtraight lines 
from one lide of the Circle to the other, 
ard thus you will find 1t projeted by Mr. 
No: wood 1n his Seamans Companion , and in 
Brown, pag. 40. Alſoin Mr. Gunter veryin- | 
Ecniouſly : But that which is molt gercra]- 
ly uſed, is the Stereographick Projection, 
uſed by Gemma Friſmns, which you Will 2]- 
{0 find In Brown. Pp, 142, and n Philips (ze0- 
metrical Seaman, pag. 75 which is the way 
uſed in Maps of the whole World: But 
that which includes all the reſt in ſome rec- 
ſpeCt, and which is moſt ſutable to my pre- 
ſent purpoſe, 1s that ProjeCtion of Mr. Ley- 
burns in his Geometrical Exerciſes pag. 122. 
which I here follow, being to be done by a 
Line of Chordsonly, and upon which Pro- 
jection by the InterſeCtion or croſling of 
the ſeveral Circles thereof, are conſtituted 
divers ſpherical Triangles: By reſolving 
of which, moſt of theſe fore-mentioned 
Aſtronomical queſtions of the iphear may 
with ſpeed and exaCtnels, as alſo with much 
picaſurce and delight be reſolved. 

Firlt then, Take 60 Degrees or Radius 
from your Line of Chords, and with that 
diſtance upon the point A, as a Center dc- 
ſcride the Circle Z H*' N ©. repreſenting 
the Meridian (within which all the reſt arc 
to be projected) and croſs it with the two 

Diame- 


The [rojection . 
'/ Spheare. 
n plan 0. 


olto. 
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Diameters HAO, and ZAN, the former re- 
preſenting the Horizon, the latter the Ze- 
nith and Nadir, or the prime Vertical. 
Secondly, (Becauſe the Lztitnde of the 
place for which you draw your projection is 
51d. 30 m.) Takes51 | A. ZO mM. from Y OUT 
Lineof Chords, and ſet them upon the Me- 
ricianfromO to P, and from H to S, and 
draw the Line PAS.the Axis of the Worid P 
ſignifying the North Pole, and Sthe Souti 
Pole: Alſo with the fame villance ſet oft5 1 
d. 30m. from £to A, and from N to x, 
and draiv the line X Az for the EquicoCttal, 
Thirdly , Take 234.30 m.- the ak 
orcatelt Declination, ar.d alſo the Diltan 
of the 2 Tropicks from the Eauinodiat, , 
and ſet them upon the Meridian from A to 
-, and from X to '?; andalſo from & to 
z, and from & to W : This done, draw 
artgat Line - AY between the two Tro- 
PICKS » nn FR the Tropick of Cancer a- 
bove the Horizon , and the Tropick of 
Capricorn below the Horizon , and tus 13 
the Ecliptick : Then take 23 4. 30”. © t 
of your Line of Chords, ard fet them from 
P to Q, and fromsS to R, and drow the 
Line QR the Axis or Poles of the Ecliptick. 
Now to divide the Eclij tick into fions end 
degrees , take 604. from your Line cf 
Churds, and ſet them from Q to 1, and 
fromQ to 3: Alſo ſet the ſame diſtance 
S 3 trom 


: 
Pra 
_ 
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from = to 2, and from Y to 4: ; this done, 
laya Ruler to the PoleR, and the figure 
it, It will cut the Ecliptick in the point '' 
and *\ ; The Ruler laid to R and 2 wil 
cut It in the poltts © and 'Y, and laid to 
R and 4 11" and *; and laid to R and 
3 in f ard =. And if you divide eve- 
ry of the ſpaces ©, 1, 12, 2 Qz Q4» 43 
and 3 Y into 3 equal parts, cach part wil! 
contain 10 degrecs, and a Ruler laid to 
ezch of them, and the point R ſhall Five 
you the points upon the Ecliptick anſwer- 
122 to the 10 degrees of every ſign, and in 
tc lame maniier you may punt on every Ue- 
grce. Thus you have drawn the Meridian 
Horizon, the prime Vertical, the Axis of 
the World, and the XquinoCtial, the Axis 
of the Ecliptick, and the Ecliptick, al] 
which are ſtreight lines : Now we come to 
draw thoſe which are Circular, or Arches 
of Circles; and before you can draw thele, 
the Centers of thoſe Circles mult be found 
out ; Now I ſhall ſhew you two wales ol 
finding out theſe Centers - One of thele 1; 
Mr. Phillips in his Geometrical Seaman, on 
this manner, divide the Meridian into 
greesin 4 Qnadrants, and keeping or.c en. 
of your Ruler fixed at the Pointat Z : L1 
the other end to the {everal degrees in the 
lower Semi circle HNO, lo you ſhall divide 
tlie Diameter HO into 9 parts, which arc 
halt- 
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halt-Tangents. In the ſame manner, if you 
keep one end of your Ruler fixed at the 
point H, and lay the other end to the ſe- 
veral degrees of the Semi-Circle ZON. You 
may divide the Diameter ZN into guncqual 
parts , which cre halt-Tangents. Now 
having thus divided the Diameters, they 
muſt guice youin drawing of the Meridi- 
ans, and Parallels v:hich ar all parts of per- 
fect Circles + And you may find their Cen - 
ters by theſe three points. Firlt, For the 
Meridians, they all concur in both the 
Poles, and their third point 1s their 
correſpondent degree in the oppoſite Dia- 
meter, and ſor the i Parallels, two of their 
points are their degrees in the outward 
Circle, and their third point 15 their corre- 
ſpondent degree in the oppolite Dia:veter ; 
Further you muſt know that the Centers 
doall lye in the Diameter Lines, extended 
beyond the Circle, (if you ſeekfor the Cen- 
ter of a Meridian excecding 45 cegrees) 
for the Diameter being divided into halt- 
Tangents, if for every deprec yon 2CCOUNT 
2 beginning trom the Center A, ſo you ſhall 
have the Centers of the Meridians, and if 
you ſet one foot of your Compalles In that 
Center, and open the other to the Point 
Z or N,it will pats through the Correſpon- - 
dent degree in the Diameter H. O. -: As for 
Example, If you wold drar; the Meridian 
94 ZON, 
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ZGN, which cuts the Diameter in 32 de- 
ere, HS, count from the Center toward; 
Q, double ſo many degrees as 1s betwixt H 
:1Q Gy which 18 64 degrees, ard that is 
the Center to the Meridian, Z. G. N. viz. 
\V. Thelike is to be done for finding the 
Centers to the Parallels, as you may eaſily 
apprehend : But if any of theſe Centers fall 
to far without the Circle, that your Com- 
pailes will not reach them, there 1s an In- 


{trument call'd a Bow, which by help of 


one or more ſcrews may be extended to 
touch any three points which Iye near in a 
ſtraight Line; or aRuler bridled may do 
the ſame if it bend equally. 

This way of Mr. Phillips finding the Cen- 
ters | cannot but applaud as very ingenious, 
but do prefer that of Mr. Leyburns,which is 
thus: Upon a long piece of {tiff paper de- 
{cribe a Quvadrant as ABC, and upon thc 
point C erect an exaft perpendicular. Let 
the Quadrant be divided into go degrces, 


and conlider tow many degrees the Arch ol 


tlie Circle (whoſe Center you ſeek) 1s di- 
ſtant from the Meridian or outward Circle, 
and a Rvler laid from the Center cf the 
Quadrant by ſo many degrees 1n the Limb 
thereof to cut the perpendicular,where the 
Ruler cuts the perpendicular make a prick 
or mark, and the diſtance betwixt the {aid 
mark and the Center of the Qogarage A 
a 
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ſhall be the Semidiameter of the Circle 
ſought: lo make this plain by thele fol- 
lowing Examples, Firſt, for the Tropicks, 
whoſe Diſtance from the EquinoCtial is 2 3 4. 
39m. lay the Ruler to the Center of the 
Quadrant Az ſo as It cut 234. 3o m, from 
the point B 1n the Limb ar f,, and cuts the 
perpendicular at g, the Diltance Ae, or 
the Line A fg taken in your Compalles, and 
ſetting one foot upon the Polar Line ex- 
tended till the other foot juſt reach the 
EquinoCtial at X# ; draw an Arch of a 
Circle, and 1t ſhall be one ot the Tropicks, 
as *5 I = the Tropick of Carcer, and WP k 
the Tropick of Capricorn : The like may be 
done by any other parallel of De: lination, 
or Latitude, whether they fall nearer or 
further off the EquinoCttal. 

Another Example take in the Hour- Cir- 
cle PB5, which 1s diſtant from the Meridian 
624.46 m. wheretfore take 62.4. 46 m. from 
your Line of Chords, and let them trom # 
to b, then laying a Ruler ftromP ro ©, it 
will cut the Equinoctial in B, through 
which point the hour-Circie of 624. 46 ». 
muſt paſs. To find the Center belonging 
to this hour-Circle, lay yaur Ruler to the 
Center of the Quadrant at A, and let it 
p4is by 424, 46 m-. 1n the Limb: From the 
point Cit will cut the perpendicular in M, 
therefore taking the Diſtance in A in your 

S 5 Com= 


394 Of Aſtronomy, BOOK. Ih 
Compezliles, and ſetting one foot in the 
Equinoctial extended, and with the other 
juſt to reach Por S, ſtrike an Arch of a 
Circle, and 1t will cut PBg the Hour-Cir- 
cieof 62 4, 46 m. Thelike may be donein 
any other hour-Circle, or Azimuth-Circle, 
Paralle]s of Declination, Circles of Alti- 
tide, or any other whatſoever; only ob- 
jerve, that the Centers of all hour-Circles 
[a1 In the EquinoQtal Line X A £ extended, 
the Centers of Azimuth-Circles in the Ho- 
T1..0N n HAO extended, where need1s: The 
Centers of the Tro; icks,and parallels in the 
Axisoft the World PAS, and the Centers of 
the Circles of Altitude fall in the prime 
Vertical Circle ZAN. 

Laſtly, As every Circlein the Projection 
hath its proper Center, ſo hath ;talſo Its 
p prope r Pole. For the finding whereot , 
0 that the Pole of a great Circle is 90 
ay or a Quadrant diſtant from the 
( EI it {elt upon that Line which cuttet!! 

theCircleat Right Angles: Thus the Poles 
fall the Hour: Circles are upon the Equi- 
ial : ThePoles of all the Azimuth Cir- 
hls upon the FIOTIZON, &c. Now if you 
would-know rhe Pole of the Hour Circle 
PDS, lay aRujcr upon Þ and D, and it wl 
cut the Meridian-Circle in e: Then rake 
90 Qeurees trom your Line of Ch Rr and 
{ot then fremeto f, a Ryler laid from P 


to 
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to f,, will cut the EquinoRXialin Y, fo is Y 
the Pole of the Hour-Circle PDS, the fame 
Rule is to be obſerved in finding the Poles 
of the Azimuth-Circles : As if you would 
find the Pole of ZGN, lay a Ruler upon 7 
and G, it will cut the Meridian-Circle in 0 
then ſet go degrees of yourChord from # to 
d, fo a Ruler laid from Z and 4 will cut the 
Horizon HAO in the point ©, which is 
the Pole of the Azimuth-Circle ZGN ; and 
by the fame manner of work you may find 
the Poles of all thereſt. Asof PDS is Y, 
PCS, V; PAS, & or e,PBS. ZGN, © : ' ZAN, 
HorO; ZFN, T; Z© N,G; H: AO, Z 
and N KA, P and S; > A" 2”, QandR: 
And thus much ſhall lerve to ſhew you how 
to Project the Sphear 72 plano, and how tc 
find the Centers and Poles of all the Circles. 


\" If SOS. 


[In the next place 1 come to ſhew you how 
the forementioned Quelitions of the Sphear 
may be ſpeedily and exattly reſolved by the 
Reſolution of fever] Spherical Triangles 
which naturally lye within the Sphear be- 
ing thus projected : And of theſe in this 
tollowing order : Ha: "ing 7 before ſhewn you 
how to alin the tide or Angle of any 
Sphxrical 1 riangle, pag. 2444 345. 
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& SF AE 
The Diſtance of the Sun from the _ AE quu- 


noltial Point (either Arles or Libra) giver, 
To find his Declination. 


In the Projection this Propoſition is to be 
reſolved upon the Triangle A&= ; where- 
in you have given, 1. TheSide A = 59 d. 
the diſtance of the Sun from the neareſt 
A.quinoCtial point Libra. 2. The Angle 
= Ak, 234. 30m. which is the Angle that 
the Ecliptick makes with the EouinoCtial , 

and is alwates equal to the oreateſt Decli- 
nation of the Sun, and you are to find the 
fide 4 *, which to do by the Projection. 

Lay a Ruler vpon the Pole of the Circle 
R = Q(which 1s at =) and the pclnt k, it 
will cut the Meridian 1 In rhe polnt/: Alto 
I3y a Ruler from = to =, it will cut the 
N:eridian in the point Y, fo the diſtance 


[YY being meaſured upon your Lite of 


Chords, will contain 20 degrees, the Suns 
Declination, ke being in 29 d of =. 


EOS 41 
To find the Latitude, or the Side PO of tne 
Triangie EL O. 


You need do no more when you are to 
meaſure any lide of a Triangle, which lies 
In 


p_—y 


— = Cy 


_— 


- Ht © 


— 


—_ any Ay aL < CY Pk 


- * 
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in the Meridian it ſelf, than to take the ſame 
ſide in your Compaſles and meaſure it up- 
on your Line of Chords, as In this Propoli- 
tion. Take in your Compalles the Diſtance 
from O to P, and meaſure 1t upon your 
Line of Chords, and it will be found to 
contain 51 4. 3o m. the Latitude required. 


P X UV Þe. 3, 


The Latitude of the place, and Declination of 
the Sun given, Io find bis Amplitude. 


This Propoſition may bereſolved by two 
everal Triangles, one 1s P 'O, the other 
A”B. In thefirſt you have given the ſide 
PO the Latitude, andP © the Comple- 
ment of the Suns declination, and you are 
tofind ©O. To do this by the Triangle, 
A B, lay a Ruler upon Z, ( which is one 
of. the Poles of the Horizon) and to the 
Int © it will cut the Meridian Circle in 

þ nd laid from Z to A, it will cut the Na- 
fir point inN; fo the diſtance N dwill be 
found 33 4. 20 m. The Amplitude of the 
us Riſing or Setting from the true Eaſt or 
Weſt points of the Horizon. In the Tri- 
ngle A: By you have given OB the Suns 
Declination 204, The Angle © AB, the 
Complement of the Latitude 38 4. 30 , 
and you are to find the tide ©A as above. 
For 
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For finding the fide ©O 1n the Triangle 
P* ©, lay a Ruler to Z, the Pole of thc 
Hor17on, and the point ©, and it will cut 
the Veridian Circle in D, ſo the diſtance 
4 O meaſured upon your Line of Chords, 
will contain 56 4-40 77. which is the Am. 
plitude of the Suns Rifing or Setting from 
the North point of the Horizon. 


P'R OP. 

The Suns greateſt Declination, with his TD:- 
ſtance from the next Equinottial point bein; 
giver, To find bis Right Aſcenſion, 


The Triangle A k= reſolves this propo- | 
{ition, wherein you have given, 1. The lidc 
A= the diſtance of the Sun from L:b-4. | 
2. The Angle = Ak theSuns greateſtDecli- | 
nation, and the right Angle at =, and you F. 
are to find A kthe fide of the Triangle. Ly || +, 
a Ruler to P andk, it will cut the Merid'- of 
an 1ns, and lay it again to Pand A, it cut5 }Þ ;« 
the ſame in S, ſo the DiſtancesS s will i=} x 
found 56 d. 50 m. the Suns Right Aſcct- Il ;+ 


lion, | G 
F.RQP; x: * 

The Latitude and Declinatien given, To [nf] 7 
the Aſcenſional Difference, wy 


This 1s reſolved in the Triangle ACE. Þ 5: 


wherein you have given,, 1, The fide ©: fr 
th 
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the Suns Declination 204. 2. The Angle 

©AB, the Complement of the Latitude 
384. 30 m. andthe Right Angle at B, and 
you are to find the ſide AB. Lay a Ruler to 
P, the Pole of the World (and allo of the 

EquinoCtial) and the point B, it will cut 
the Meridian Circle in the point 6, the di- 
ſtance b. 5. meaſured, will be 27 a. I 4m. 
the Aſcenſional difference, which is ſo much 
35 the Sun Riſeth or Setteth before or after 
ſix a Clock. 


P-K-O-FP. 6. 
The Latitude, Declination, and Altitude of 
the Sun given, To find the Sins Azimuth 


either from the Eaſt, North, or South points 
of the Horizon. 


That which 1s moſt difficult and intricate 
to perform by Numbers, 1s by Projection 
cfte&ted with the ſame eaſe as any of the 
reſt : As inthis propoſition 1t 1s the Angle 
EZP, inthe Triangle ZEP, which is here 
required: Lay a Ruler upon Z to the point 
Gupon the Horizon, the Ruler thus laid, 
will cut the Meridian inG, fo the diſtance 
g. O. meaſured upon the Line of Chords, 
will be 146 d. which 1s the Suns Azimuth 
[rom O the North part of the Meridian, 

and from g to H 344. whichis the Azimuth 
= H the South-part of the Meridian, 


and 


and fromg to N 56 4. which 1s the Azimuth 
from A, the Eaſt and Weſt point ot the 


Hor1zon. 
7 OFT: 


The Latitude, Declination, and Altitude of 
the Sun given, to find the honr of the day. | 


This Propolition is performed by refolv- | 


ing the Triangle ZPa, where you are to 
find the Angle ZPa : Wherefore lay a Ru- 
ler from the point P, to the point a, and 


It will cut the Meridian in t,ſo the Arch X& | 


will. be found 95 4. 52 m. whichts the hour 
from the Meridian : The Arch r « being 


meaſured, will contain $4 4. 8 m. which is | 


the hour from midnight : Alſo the Arch :S 
being meaſured, will contain 5 4. 5 2 m. the 
hour from lix. 

This Triangle £ P a is compoſed of 7.P 
an Arch of the Meridian Z., a an Arch of a1 
Azimuth Circle, and of P a the Arch of an 
hour-Circle. 


P-RK-Q-P;- $: 


The Declination, Altitude, and Azimuth of 
the Sun given, to tind the hour of the day. 


The Triangle ZEP in the projetion rc- 


ſolves this Problem, wherein there is give: 
[Es 
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1. EP, the complement of the Suns Declina- 
tion 70 d. South, 2. Thefide EZ the com- 
plement of the Suns Altitude 784d. And 3. 
The Angle EZP the Sins Azimuth from the 
North. The Angle ZPE is to be {ound to 
anſwer this propoſition : Therefore lay a 
Ruler to the Pole P, and upon the point D 
in the AquinoRtial, and it will cut the Me- 
ridian ine. Thediſtince e X being mea- 
ſured, will give you 35 4. 36 m. the hours 
from Noon which in time 1s 2 þ. 22 m. 
Vany more propoſitions might be added, 
which I leave to the ingenious practitioner 
to find ovt ; who may frame his Projections 
lo as tO anſin er any other Queſtions of the 
Sphear, but ſeeing. we are upon this laſt 
Propofition, viz. of finding the hour, [ 
ſhall here add a few things conceriing Di- 
aling, and ſo conclude this Treatiſe. 

But (by the way ) to give you ſome Geo- 
Praphical Propoſitions as well as Aſtrono- 
mical by way of ProjeCtion, and thereby to 
make '1t repreſent as Sl the Terreſtrial as 
Celeſtial Globe. I ſhall here ſhew you, 


How to find the Diſtance betwixrt any 2. places 
vy the Arch of a great Circle in Projettion , 
howſoever diſtant from one another . 


1. Draw a Circle, which may be ſuppo- 
led 
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ſed to be the firſt Meridian, (which 1s reck pl 
oned from the Iſlands of Azores) croſs tligf 
Circle through the Center with a DiameY je 


ter, which is to be ſuppoſed the EquinotiY , 
al; Ifthe two places differ only in LongiY x 
tude, the Diſtance is to be meaſured upon jj 
the EquinoCtial, or ſome other paralle] 
If they differ in Latitude only they are tc 
be meaſured upon a Meridian ; If they diffe 
both in Longitude and Latitude, the Di 
ſtance muſt be meaſured by drawing a 
Arch of a great Circle to paſs throug! 


a 
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both the places: And to meaſure any } 

thoſe Diſtances, you muſt find the Polc !9F] 

the great Circle which palles (randy bot 
places : 
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places : How to do this, you have it elfe- 
where taugit pag. 345 : Thenlaying a Ru- 
ler to the ſaid Pole, and firſt toone of the 
places, and afterwards to the other, and 
marking at each ime where the Roler cuts 
the Meridian or outward Circle : The iame 
diſtance taken in your Compaſſes, and mea- 
ſured upon your Line of Chords, gives 1n 
Degrees and Minutes the Diſtance betwixt 
the two places, which you know being mul- 
tiplyed by 20, brings it into Leagues, or 
by 60 into Miles : 1 ſhall only give one Ex- 
ample for all : Suppoſe you would know the 
Diſtance betwixt the Cape of Good Hope, Iy- 
ing-in the Latitude of 404. South and in 
Longitude 50d. and Malibrigo lying in 264. 
of North Latitude, and in 180 4. of Longi- 
tade you will find their diſtance to be 140 4. 
or 8400 miles by Projection thus, (H. T. E. 
F.K. D.) 

Firſt, draw the Circle, and from the ſame 
Line of Chords by which you draw the Cir- 
cle take 26 4. for the Latitude of Malibrigo, 
and ſet it from « upwards, and becauſe the 
Longitude 1s 1804. there you mult place it 
'n the Meridian at T,which ſignifies Malzbr:- 
70: Nowto place the Cape of Good Hope accor- 
cng to its Latitude and Longitude,do thus: 
Draw a Parallel of Latitude of 404.4iz DE, 
and aMeridian of 504.(H.G.F.) for the Lon- 

| eitude 
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gitude where theſe 2 interſett each other, 
15 the place you delign (the Cape of good Hoz:) 
there make a mark at V, and with the ſ:me 
Radius wherewith you drew the firſt Cir- 
cle, find a Center which will cnt T and V, 
which you may caſi:y do by drawing a Linz 
to paſs exactly in the middle betwixt T 


and V, when that is done, you muſt find theÞ 
Pole of the ſame Circle at R, and layi:s 2| 
Ruler from the Pole R to V, it will ut 


the Meridian in K. Laltly, Meaſure t!2} 
Diſtance T K, and that gives you the de- 
grees that one of the places is diſtant from] 
the other. 1 
Thoſethat deſire to be informed more at} 
large concerning finding theſe Diſtances, [] 
Tefter them to Mr. Leyburn, his Eighth Gco-| 
metrical Exerciſe, pag. 131. : 
What 1s here ſaid concerning finding} 
theſe Diſtances, the ingenious may apply to 
Sailing by the Arch of a great Circle ; but} 
I ſhall leave that to the Readers own Stucy | 


and [mprovement. k 


To know how many Miles any place ts diſtart 
from yon, in whoſe Zemith the Sun, v'| 
any Star 5 at the ſame time, þ 


Take the Altitude of the Sun, which {up- 
pole53 4 trom your Zenith z and with Vr. 
Norwood account 69 Miles in a degree, nul 
tiply 53 by 69, makes 3657 and lo mary 

miles 
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Miles it is between the place where I now 


m, and the place 1n whoſe Zenith the Sun 
yas at that time, and by this means you 
nay know how far itis to any place over, 
which the Sun or Star is at any time. 


— CO 


————__—_— 


— —— 


CHAP. IX. 
Of Dialling. 


"HE whole and cowpleat Art of D:alling 

is a ſubject ſufficient for aTreatilſe alone, 

2nd you will find ſeveral Authors have writ 

hole Books concerning the ſame, I ſhall 

onfine my ſelf within the compals of theſe 

ww leaves which are left me ; but what ſhall 

e faid I hope will be plain and perſpicuous 

0 any ordinary Capacity : Brevity, and 

Ithal perſpicuity being the Mark l aim at 
|| along in this little Treatiſe. 

There are many Denominations and Di- 
inctions given tO Dtals, as Ho: tiLontal Vere 
ical, Polar, Equinottial ; Erett, Dirett, In- 
ning, Declining, and Reclining, every way 
alt, Weſt, North, and Sovth, and many 
Wore, both Fixed and Pendulant : Plain and 
lobular within doors and without : It is 
ot my intention to ſpeak to theſe particu- 
arly, but ſhall only ſhew you how to make 
1 Horizontal , and an Erett, Dirett South 
'yal, which are molt uſual, and moſt uſety]. 
SECl. 
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TE C2 $i 
To draw an Horizontal Dyal bythe Globe, 


| have ſhewed you pag. 374 how to make 
the Globe it ſelf a Dyal, and by conſequence 
any round Ball : I ſhall now ſhew you how 
to make an Horizantal Dyal by the Globe. 

Firſt then, Prepare your flat Dyal grownd 
parallel to the Horizon, and thereupon 
draw a Meridian, which muſt repreſent the 


dire North and South, and crof the ſame 


at right Angles, which muſt repreſent the 
Eaſt and Weſt. The firſt of which Lines 
is the 12 a Clock Line, the latter ſhews 6 a 
Clock both Morning and Evei.ing then 
making the Interſeftion of theſe Lincs th: 
Center , deſcribe a Circle on the Dyal- 
ground to what diltance you pleaſe, an 
divide the ſame into :60 4. (as all othc 
Circlesare) and ſubdivide the ime into as 
many leſler parts as ycu can : Being thi 
prepared, you are to find the diſtances 0 


the Hour-Lines in this Circle for any Latif 


tude of place, which to do, let the Glob 
be ſet tothe Latitude deſigned, and thi 
make choice of ſome of the great Circles! 
the Globe that palle through the PclesC 
the World, as for Example (the Xquino: 
al colure) and apply the iame to the Bri 


zen Meridian, in which ſcituation it rep!Wij 


ſents the Subſtile or 12 a Elock Line, or \| 
ridl 
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dian Line (call it which you will) then 
irning about the Globe towards the Weſt, 
Il 15 degrees of the Aquator have paſſed 
hrough the Brazen Meridian : You muſt 
ark the Degree of the Horizon which the 
me #Xquinoctial colure croſſes, for that 
oint will ſhew the Diſtance of 1 and 11 
Clock from the Meridian or 12 a Clock- 
ine: Then turning again the Globe for- 
rards till other 15 degrees of the Equator 
lo paſs the Meridian, the ſame colure will 
noint out the diſtance in the Hurizon of the 
hours 10and 2 from the hour of 12, andin 
the fame manner you may find out the diſtan*» 
& of all the reſt of the hour-lines irom 121n 
the Horizon;but note that the beginning of 
theſe diſtances muſt be accounted crom that 
part of theHorizon on which the Pole ts cle- 
rated ; Now theſe Diſtances of the hours 
Ning thus noted 1:1 the Hcrizon of the 
Globe, you muſt aiterward- tranſlate them 
mto your plain allottcd for your Dial- 
Pround, reckoring in the circumference of 
It lo many degrees to each hour as are an- 
lwerable to thoſe pointed out by the colure 
In the Horizon : Laſtly, having thus done, 
ne Gnomoi or Style mult be erected, where 
ote that tlie edge of the Gnomon, which 
$to ſhew the hours by 1ts ſhadow in all 
ind of Dyals, muſt be ſet parzllel to the 
Axis of the World : That ſo it may make 
an 


© on _—_ Pen on, - be 
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an Angle of Inclination with its plain 
ground equal to that which the Axis of the 
World makes with the Horizon, and that 
the Style is to ſtand directly North and 
South, and in the Meridian Line is a thing 
{0 commonly known, that it were necdlel; 
to mention It. | 
Now if you would make an EreCt South 
Dyal, know, That whichis an Horizontal 
Dyal in one place, will be an Erect South- 
Dyal in another-: As ſuppoſe you would 
nals an Erect Dyal for the Latitude of 52:Þ} t 
This is nothing elſe, but to make an Hori-Y] $ 
zontal Dyal lor the Latitude of 384, Ard p 
if you makean Erect Dyal for the LatitudeF 
of 27 4d. the ſame will bean Horizontal Dy-J] | 
al for the Latitude of 63 d. and the fame} jj 
proportion 1s to be obſerved in the reſt; 
and hence 1t appears that an Horizontl 
Dyal and a Vertical are the ſame at the La- 
titudes of 45 d. But thus much ſhall ſafhice]] 5, 
to have ſpoken concerning drawing Hour-Ql x 
L1i:cs by the Globe in an Horizontal or any q« 


— = = Bru a 


Pon ped, & om awd 


Erect South Dyal. I:- 
TEC: F 

The Analogy or Propoſitions to find them !y 1 > 
are theſe. of 


F083 -: 1, 
For an Horizontal-Dyal. 
AS Radius or the ſine of go d. is to ti 


BOOK II.. Of Dyallines, 40g 


So is the Tangent of the hour, (v!z. 15 4, 
which makes an hour in the Equinoctial. ) 
To the Tangent of the Hour-Line from 
the Meridlan, (v:z. the diſtance of the hour 
of i from 12)which in this Example is 11 d. 
$1; And ſo is 30 d.the Tangent of two 
EquinoCtial hours to the Tangent of the di- 
ſtance from 12 to 2, &c. 
F-& OF. 
For an EreCt-South Dyal, 

As the Radius (90 4.) to the Co-ſine of 
the Elevation (in this Example 38 4. 30m.) 
So 1s the Tangent of any hour given, (ſup- 
poſe 15 4. for the hours 11 and 1, or 30 4. 
for i0and 2.) to the Tangent of the hour- 
Line, (or to the true Diſtance of the hour- 
line) from the Meridian, (which in this 
Example 1s 9. 28, and 19. 46, Cc.) 

SECT, 3; 

Here follows a Table taken out of 
Seller , ſhewing the diſtances of the 
Hour-Lines from the Meridian in ſeveral 
degrees of Latitude, both for an Horizon- 
tal, and alſo a South Erect Dial, as in the 
Latitude 54 the diſtance from 12 to 1 1s 
12d. 41m. fromito21s 25 d. 2 m. and fo 
of the reſt inan Horizontal plain : But in an 
South EreCt Dyal the Diſtance from 12 to 1 
1s 8.56 from 1 to 2, 1s 13.45, and ſoin any 
other Latitude you will find the degrees 
anſwering to each hour, which is very rea- 


(ly. 
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dy. The Styleor Cock of the Dyal muſt 
be fixed juſt over the Meridian Line, and 
muſt make an Angle vith the Plain equal to 
the Height of the Pole, the hours before 5 
in the :norning, and after fix in the Even- 
ing, may be ſupplyed by their oppolitc 
hours on the other {ide the Center. 
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Theſe Tables of Mr. Sei/ars are for an Horizontal Dyal, for Latitude 34 to 
49, and from 50, to 59 : The Complement whereof 1s for an Ere& Dt- 
re& South Dyal in ſuch places of Latitude as is the Complement chere- 
unto, as from 3b to 40, and from 5v, to 55. This called by Sellar Tabu- 
lar Dyalling eaſieſt of any other. 


BOOK 1II. 


' 


Of Dyalling. 


BOOK 1II 


-- 


OO ————  —_——— 


[1,16 


113.41 


0.8 
(8.44 


. ————— 


21.24 
24-14 


127-13 


30.27 


_ | —_ 


33-51 
37-28 
41.22 


45-25 


"0.51 


2,12; 
4.25] 
6.40] 6.459, 6.58 
8.57 9.C9, 9:22 


19. 8] 


HIEA 


27.46 
31.01 


34.27 
38.06 
42.00 


46.10 


60.33 
55. 55, 


ali — yy 


2.15 
4-31 


11.31 


14.15 
16.259, 


24-43; 


50.39 
55-24 $6.0c 


54+ | 53+ | 52- 


2,18 
4.38 


I6.51 
19. 8119.33 


[22.15 


2 s.14 
128.18 


31.36 


35-04 
[38.45 
42+40 
46. 48 


SES 


$1.17 


61.06 
65.26 


171.1717 1- 3592+ Og 


77. $57-22177- 38 77.38 
33-28 £3.32 83-47 83-55 


Os co GO .CO $0400 0O 0O' 


$I, 


84.02 


CO.OC?YO, fol - 


___— 


"_ 


To 


BOOK It, Of Dyalline ar; 


To araw an Horizontal. Dyal vy this Table for 
54 d. Latitude. 


Firſt, Take with your Compaſies from a 
Line of Chords 60 4. with that diſtance de- 
ſcribe a Circle, croſs that Circle thorough 
the Center with a Diameter for a Meridi- 
an Line, and croſs that at right Angles for 
the hour of 6, then conlider tor what Lati- 


e 


tude. you draw the Dyal, which in this 1s 
54, look for 54 towards the left hand of 
T 3 this 


414 Of Dyalling. BOOK II. 


this Table, and over againſt the Latitude, 
you will find 12 4. 14. for the diſtance of 
t1, and 1. from the Meridian, 254, 2 »:. 
for the diſtance of the hours 10. and 2, &c. 

Theſe youare with your Compaſles to take 
from your Line of Chords, and prick them | 
upon the Dyal-Circle, and fo'draw Lines to | 
each mark, which are the hour-lines, After 
you come at the hour of 6 you may draiy 
the remaining hours, by laying a Ruler tho- 
rou2h the Center to their oppoſite hours 
on the other ſide the hour of 6. This 
needs no Example. 

Note that for an EreCt DireCt South-Dy- | 
al, the Cock or Gnomon mult be the Com- 
plement of the Latitude here 36. 

Note allo, That every Horizontal Dya 
1s a direct South Dyal in that place 7th © 
the Complement of the Latitude, as an Ho- 
rizontal Dyal in 52 1san ErcCt South Dyal 
In 38. 

I aſtly, To draw the Style, or Cock or 
Gnomon, take the degrees of your Latituce 
from the Line of Chords, and let 1t 0! 
ſidewales from the hour of 12, and from thc 
Center draw another Line to interſect tic 
former thrcugh 54. 4. which you ſee 1s near 
the hour-Line of 8. And thus you ſee how 
ealic It 1s to draw the hour-lines by th 
Table for an Horizontal : The fame mzy 
be done for an Ere& South-Dyal, it R bes 

COX 
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look for the Latitide on that fide of the 
Table towards the right hand; there a- 
eainſt 54 you find8 d: 56 wn. for 11. and x 
and 18.45. for 10. and 2. and fo forwards; 
whereby you may underſtand to make an 
Ere& South Dyal for any Latitude mentio- 
ned in the Table: If youpleaſe to do it by 
Arithmetical operation, you,have alſo tic 
Analogy, or Proportions to work them by 

or if you pleaſe todo it by the Globe, yo t 
may find the hour-lines by that alſo as is 
hewed in the former pages, 407. And 
this is all at preſent Iintend to ſzy concer- 
ning finding the honr of the Day by the 
Sun,or making Sun- Dyals : [ ſhall only (hew 
you how to ind the hour of the Night by 
the Moon and Stars, and fo bid good Night, 
and conclude this Mathematical Manual. 


SECT <4& 
Firſt then, By the Noon. 


You muſt underſtand, that by knowing. 
the Prime you may find the EpaCt, and by 
knowing the EpaCt you may find the Age of 
the Moon; by knowing: the Aze ci the 
Moon, you may find the time of her coming 
to the South ; and by knowing the time of 
her coming to the South, you may find the 
nour of the Night by the ſhadow of the 
Moon upon a Sun-Dyal. Theretore of thele 
in order. ] 4 PROP, 1. 
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FS 0F 1 

To find the Prime or Golden Number, | 
Divide the year of our Lord by 19, and to 
that which remaineth after the diviſion add |! 
1, the Product is the Prime Number for all 
that year, beginning the 1. Fanuary ; As 


16731.88',, Io Dn 2 15 the Prime, 


x99 
Xx 
FAROE 


By the Prime, To find the Epatt. 


Multiply the Prime of the year by 11, 
and Divide the Product by 30, and the Re- 
mainder or Fraction 1s the Epact, If it be 
juſt 30,then is the Prime and the Epact both 
one ; if ſhort of 3o, that Number whatever _ 
it is, 1s the Epact. Note that the Prime 
changes 1. 7anwary, and the Epact 1. March, 

P K-Q P. 2 
By the Epait, To know the Age of the Noon. 
” Add to theday of the Month the Epact, 
and ſo many dayes more as are Moneths 
from March to the Moneth you are in, in- | 
cluding both Months ; and if they come not 
t030, ſo much the Moons Age: If they pat; 
30, Take away 30, and the Remainder 15 
the Moons Age. This 1s when the Month 
hath 31 dayes, but if it haveonly 3o daycs, 
deduct 29 &c. from the exceſs above 29, 
by the ſame reaſon, 
PROT. 
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FX OP. 4+ 


By the Age of the Moon, to find the time of ber 


coming to the South. 


Multiply the Moons Age by 32, and di- 
vide the Product by 15, the Quotient will 
ſhew the hour of the Moons coming to the 
South; and if any thing remain, multiply 
that by 4, and it will ſhew the Minutes to 
be added to the hours of the Quotient, and 
ſo you ſhall have the time of the Moons 
coming to the South : Or by the Table 
following you may readily find the time of 
the Moons coming to the South. 


ba. ag ee ne EN OE ag , 
on Apes - - — 4 | qt» 1 + * -__— 
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PIERS 


The Dayes of the Moons Age- 


25]10-45 
3olt1.34 


@— DD — 


The Hours of the Moons AgE- 


Days H.M. Hours H.M. 


; 


| 


| 2 


N 
a 


J 


A 


4 


3| ©] The uſe of the Table accor: 
4] 5 ding to the Age of the Mnon, 


wo Take the Hours and Minure: 
12: 
' 


714 ble; adding for every hour 2 
19 Minutes more for her mean 179- 


| 910 ton ; and the Total ſhall (hey 


1020| the hour of the Moons ccming 


1.22] to the South. 

1224 

13.25 For Ex.:mpþle. 

1428 ! 

1532} Suppoſe the Moons Age be 
19.32] any day at Noon 10 da\s and 


7.34. 8 hours old. Look in the T2: 
1935, ble, and againſt 10 dayes you 


LOIG! fg =—oomnmnes 
£24” for the 83 odd hours —15 », 
2145 To which 8 Hours 
£2145 24 Mm. allowing 2 Mi- 
23147, nutes for each Hour 


? 
9h, EM. 


124/45] for her mean motion 1s —-15 ”. 


Morning. | 


All which added toge- ——— 
ther ſhews ſhe comes to 
the South at———2 '. 11 


; Oppoſite thereunto in the Ta- | 
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To know at what hour the Moon comes to the 
South, by the following Table. 
Dayes after the — or Full the Moon 1s South at, 
Wh 21.314] 5 7: | 
"Iahw-g8 i448 24 3-12j4.0 4%? 5-35 
Dayes after either of the Quarters the Moonis South ate 
'6 5.48. 7.326'8. 24 0.1210010 48/11. 35) 


To now the Hour of the Night by the Moons 
ſhadow upon a Sun» Dyal. 


—— —  — 


D H. - 1. M. | 3-3 
by, IS = F-- I — 
I O © 29 
3 1-40 T2728 
3 91 391-7 1 
4 8 43 26 
5 8 © 2.5 
64:9 I 2 24 
9 7 4-06 1-08 | 
8 s: 1 36 22 
5 4 | 49 | 21 
10 4 04:20 | 
Br 2 | 12 19.1] 
I2 2 24 18 
13 I 36 I 7 
i4 O 48 16 
I's | ®, ®; I; 


g—_ 
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Firſt know the Age of the Hoon, and if 

It increaſe, from the ſhadow ſubſtract theſe 

hours and Minutes : If it decreaſe, add the 

lame to the ſhadow, and it will give you 
the true hour. 

PROP. 
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PROF. x | 
By knowing the time of the Moons coming to the 

South, i o know the time of the Night by 

the ſhadow of the Moon upon a Sun- Dyal. 

Obſerve by a Sun-Dyal as if you would 
ke what a Clock it were by the Moon, and 
obſerve how much the ſhadow of the Moon 
doth either want, or 1s paſt the hour of 12 
upon the Dyal: For ſo much it doth want 
of, or is paſt the time of the Moons coming 
to the South. As for Example , 

Suppoſe as before the Moon did come to 
the South at 8 hours, 41 minutes after noon 
or at night,and the ſhadow of the Moon up- 
on the Dyal were at 10. This wants 2 hours 
of 12,and therefore it wants 2h. of 8h. 41m 
ſo that it is fix of the Clock, and 41 . But 
if the ſhadow had been at 2 upon the Dyal, 
then you muſt have added 2 h. to the Moons 
coming to the South, and ſoit had been 104. 
41 m. atnight: The like is to be done by 
any other hour whatioever. 


SE C DT. tv, 
To know the hour of the Night by the Stars. 


1. To do this by the Globe, Rectific thc 
Globe to the Latitude of the place, and 
bring the Suns place to the Brazen Meridl 
an, and the Index of the hour-Circle to 12: 
Then bring any ſtar to the fame Altituc: 


on the Globe that it hath in Heayen, - 
the 


ee cara 0 oO  eo.T9a C0, jn—= ma, ov 


> 00. 
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the Index of the hour-Circle will point to 
the hour of the Night. 

2. By Mr. Gunters Notturnal, 

This Nocturnal is a very eaſlie and ready 
way to find the hour of the Night by the 
ſtars wherein the Center upon which it 
moves is ſuppoſed the North-Pole, having 
ſeveral conſtellations near the ſame Pole 

deſcribed upon the Nocturnal, with a Cir- 
cle of Moneths fixed lying without the Run- 
(le, as alſo an Hour-Circle of twice 12h. 
one of the 12 ſignifying 12 at Noon, the 
ocher 12 at Midnight ; and the line ſup- 
poſed to be drawn betwixt 12 and 12, tho- 
rough the Center is the Meridian : Now for 
the uſe thereof, firſt look up to Heaven to 
the North Pole, and oblerve what ſtarsare 
upon or near the Meridian in Heaven: 
Then place the ſame ſtar to the like ſcituati- 
on upon the Rundle, and againſt the day of 
the Moneth you will find the hour of whe 
Night: 
3. Inthe third place, To find the hour of the 
Night by the Stars coming to the Meridi- 
an ,, their Riſmg, and Setting, and Right 
Aſcenſion. 

How to find the Right Aſcenhon of any 
ſtar by the Globe is taught, pag. 363, ang 
IS no more but inſtead of bringing the Suns 
place to the Meridian, you muſt bring the 
[tar, (whoſe Right Aſcention you ſeek) fo 

[ne 
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the Meridian, and the number of degree; 
contained betwixt the vernal colure and 
that degree of the A:quinocCtial which comes 
to the Meridian with the ſtar, is that ſtar; 
right Aſcenſion: Alſo by the Globe to find 
the time of any ſtars Riſing or Setting, or 
coming to the Meridian, is taught pag. 364. 
364,How to find the Right Aſcenſion of any 
ſtar by Theakers Planiſphear is ſhown pz. 
374: Asalfo their riſing and ſettingzand their 
coming to the Meridian, 1s ſhown pag, 375. 

To find the Suns Right Aſcenſion is the 
ſame both by the Globe and Planiſphear, y 
bringing the Suns place to the Meridian in 

ſtead of bringing the Star to the brazen 
Meridian on theGlobe, or the paper Meri- 
dian of the Planiſphear, as is explained in 
the forementioned places, pag. 362, 374. 
you have alſo the Analogy or Proportion t0 
work it by Arithmetically, pag. 350. $0 
need not here repeat any of them. 

But ſhall ſhew you how by the Right Al 
cenſion of the Sun and ſtars to find Arith- 
metically the time of the ſtars comins t' 
the South, aud thereby the ſtars hour, a: 
by all theſe the hour of the night. 

I. To find at what hour any Star will be 31 

the Meridian. 

Add the Complement of the Suns Riz! 
Aſcenſion for theday propoſed to the Riz! 
Aſcenſion of the Star, the ſym of them tv- 
gether will be the time of that ſtars bu!!! 


upon the Meridian. Fal 


1 
( 
1 
1 
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For Example. h. m, 
The Bulls Eye 1/t. Fanv2ry Right Aſcenſion, ——4 17 
Compl. of the Suns Right Aſcenſion i———4 25 
The Bulls Eye upon the Meridian.—- ———. 3 42 


That 1s, 42 Minutes paſt 8 at Night, 


It is noted by Norwood that any ſtar in 14 
dayes comes to the Meridian juſt an hour 
later, and ina Moneth two hours. 


2, To find the Riſing and Setting of the 
Stars, 

The Semidiurnal Arch of any ſtar, which 
15 half the time the ſtar appears above the 
Horizon, ſubſtracted from the time of the 
ſtars being upon the Meridian, giveth the 
time of the ſtars Riling, and the ſame being 
added thereunto, giveth the time of the 
ſtars ſetting ; and knowing the time of the 
ſtars riling or ſetting, and coming to the 
Meridian ; and ſeeing any of the ſaid ſtars 
rile, ſet, or come to the Meridian in Hcas- 


ven , hereby you know the ExaCt hour of 
the Night. 


3. But to find the bour of the Night at ary 
other time, you muſt know the ſtars hour. 


Now the ſtars hour is the horary di- 
ſtance, or the number of hours that the ſaid 
ſtar }3 diſtant from the Meridian, or {o ma- 
ny hours as the ter is ſhort of, or palt the 
Meridian. 
New 


— 


% 
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” Now to find the Hour of the Night at any time, by ary of 
3 the Stars. 

Add the Stars Hour, the Stars Right Aſcenfion,and 
the Complement of the Suns Right Aſcenſion ; all 
three together, the Sum is the hour of the Night. As 
for Example. 

The Bulls Eye 11th of December. 
The Stars Hour 1 ———— — 8 &5 
The Stars Right Aſcenſion js —— 4 17 
The Complement ofthe Suns Right Aicenfion—s 9 


» 
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E Somme 19 22 


Now ice this exceeds 12, you muſt dedud 12 
from ic ; io that the true hour of the Night is 5 5, 
22 Minutcs : And note further, That when this Sum 
is ſhort of 12, ir ſhews rhe hour at Night ; when ir 
-EXcecds 1 2, 1t ſhews the hours next Morning ; So that 
in this Example it 1s 7 b. 22 9. 1n the Morning ; and 
herewith I ſhall conclude. 

Having finiſhed what I intend to ſay concerning 
Aſtronomy, and the Reſolution of theſe Aſtronomical! 
Queſtions of the Sphear, being the third and laſt Ma- 
themarical Liberal Science according to my Diviſion of 
them in the beginning:I ſhall therefore here ſet up a N13 
Ultra atthis time. Having (I hope) in ſome meaſure 
ſhewed you, How to Meaſure the Earth, the Sea, and 
the Heavens, principally and eſpecially by Trigonon:t:y. 
Therefore in allufion to a Triangle, rhe moſt excellent 
of Geometrical Figures, and the other Teryaries men- 
tioned here, and elſewhere, pag. 2,3. I ſayin alluſion 
'to thefe, To the Tri-vn Deity. The Trinicy in Unity, 
and Unity in Trinity, who created Al} theſe Things of 
Nothing in Number, Weight, and Meaſure, by his Infi- 
nite Wiſdom and Power, and doth Uphold and Go- 
vern Al! by his Providence, and defign'd all for hs 
Glory, to him be all the Glory and Honour, and Adv- 
ration in Secula Secylorum, AMEN, 


FINXNIS. 
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